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ABSTRACT 
 
The Toowoomba Regional Council is a local government organisation, 
established by the Queensland State to deliver infrastructure and services to the 
community on a local and regional level. The construction and maintenance of 
local roads is a major responsibility of local government, essential for the safe 
and efficient carriage of people and goods. 
 
Safety and efficiency in transport are facilitated by high quality road surfaces. 
The production of such a road requires that the materials used in its construction 
are of the highest standards possible. However, local governments are publically 
funded; therefore the cost of materials is of significant consequence. The purpose 
of this project is to conduct a review of the current road building practices, 
quality assurance procedures and the feasibility of local gravel materials as an 
economical alternative to commercial gravels. 
 
Current practices were assessed, indicating a lack of technical knowledge of local 
materials and a subsequent inability to support their use for road building 
applications. Two thirds of the local road network in the Toowoomba Region is 
unsealed. Therefore, the literature review focussed on the quality assurance 
measures utilised in industry as benchmarks to recognise the road building 
capabilities of potential materials for both sealed and unsealed road construction. 
 
The project aimed to provide important technical information regarding the 
mechanical properties of locally produced road building materials, including the 
material qualities of both standalone and granular stabilised gravel products and 
the feasibility of stabilisation techniques employed; to identify reasonable 
solution pathways to improve the Toowoomba Regional Council’s road building 
processes.  
 
The study focussed on the Crow’s Nest district of the TRC and the concepts 
shown may be investigated and applied to other districts. Firstly, the material 
properties of locally sourced gravels were evaluated using material property 
standards and guidelines used within the local road building industry. Once the 
individual gravel material properties had been determined, a design aid was 
adopted to evaluate a series of potential granular stabilised products using 
combinations of the standalone sources. Feasibility considerations highlight the 
factors affecting the sustainability of producing a local gravel product. 
 
The results of this study found 11 gravel products, including both standalone and 
stabilised, suitable for unsealed road construction and 13 suitable for sealed road 
construction, pursuant to some further testing. The feasibility considerations 
highlighted the potential costs and benefits of local gravel production, where 
further investigation will provide more conclusive economical indicators. 
 
The processes used in this investigation may be further developed for the concept 
to form the cornerstone of a region wide gravel analysis programme for the 
construction and maintenance of a good quality local road network.  
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1 Introduction 
 
1.1 Project Context 
 
1.1.1 Local Government in Australia 
 
The Australian government system is comprised of three tiers: Federal; State and 
Territory; and Local Government (Councils). The Australian Constitution contained 
the provision for a new Commonwealth (Federal) Government; however it also 
allowed each State (see yellow text, Figure 1.1) to retain their own government 
structures. Outside of the Constitution the State governments have opted to establish 
Local governments to dispense services at a community level.  
The Federal and State Governments are divided into the roles of; the legislature, 
executive and judiciary. The legislature or parliament is responsible for the 
discussion and creation of laws, developed for the benefit of the nation. The 
executive arm is tasked with putting this legislation into action, while the judiciary is 
independent of the legislature and executive and is tasked with enforcing Australia‟s 
laws. 
The State and Territory Governments obtain funds from the Federal Government and 
revenue raised by their own taxes and activities. Each State government is 
responsible for the provision of services such as hospitals, schools, policing and 
transport infrastructure. 
Local governments are set up by each State to provide infrastructure and services to 
the community on a local and regional level. Local government revenue is generated 
through funding, grants and subsidies that filter through the Australian and Sate 
Government hierarchy and from their local community through rates on land. 
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Figure 1.1: Map of Australia 
 
1.1.2 Toowoomba Regional Council 
 
The Toowoomba Regional Council (TRC) was formed in March 2008 after 7 smaller 
councils were merged with the Toowoomba City Council. The major reason behind 
the need for council amalgamations were perceived shortcoming in the skills and 
resources of smaller local governments to manage the anticipated growth in 
population and infrastructure throughout regional Queensland. It was decided that 
pooling of resources of several local governments would put them in a better 
position to facilitate „optimum service delivery to Queensland communities‟ (Report 
of the local government reform commission, 2007) 
The Crows Nest Shire Council was one of the smaller local governments subject to 
the local government reforms. Extending 85km to the north of the Toowoomba City, 
the region is comprised of predominantly agricultural activities and now is a district 
in the Toowoomba Regional Council. (Figure 1.2) 
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For some time after amalgamation, the districts that comprise TRC continued to 
function somewhat independently and the administration of Council activities is still 
performed through the use of Service Centres in each of the former local government 
authority areas.  
As the integration of these districts now approaches completion, it is important that 
the current local knowledge base is not lost. However standardisation of procedures 
will be crucial to efficient and economical delivery of infrastructure services to the 
community. 
 
 
Figure 1.2: Map of Toowoomba Regional Council 
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1.2 Project Introduction 
 
One of a local government‟s major responsibilities is the construction and 
maintenance of local infrastructure, such as the road network. The community, as 
contributors to the local government as ratepayers, has an expectation of local 
government to provide a road network that is safe and comfortable to travel and as 
such councils, such as the TRC are required to produce good quality roads. 
In order to produce a good quality road, a good quality gravel product is required. 
The predominant pavement type used for road construction, throughout the TRC, is 
the flexible pavement structure, which is designed to accommodate the bearing loads 
imposed by traffic (Figure 1.3). The gravel product is used to construct either a „road 
base,‟ for sealed roads or a „wearing course‟ for unsealed roads. 
The purpose of a road base or wearing course is to provide a stable foundation to 
assist with the distribution of traffic loads. A „good quality‟ gravel product is one 
which possesses the necessary characteristics that make it suitable for the 
construction and operation of the local road network. These characteristics are 
measured through a variety of material testing procedures employed by transport 
authorities, worldwide. 
 
Figure 1.3: Wheel Load Distribution (USQ, 2010) 
The research that will be undertaken as a part of this project will determine the 
suitability of the mechanical properties of locally available gravels for use as road 
bases and wearing courses. The evaluation of this suitability will incorporate the 
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combination of gravels that individually are deficient in one material characteristic 
or another. 
1.3 Project Justification 
 
1.3.1 Overview 
 
Each year the TRC allocates a portion of its funds towards the construction and 
maintenance of local roads. The 2009/2010 financial year saw $ 7.24 million spent 
on the resheeting and resealing programs. The Crows Nest district received less than 
$ 1 million of this contribution. With such limited resources, it is essential that 
allocations to all districts are used as effectively and efficiently as possible 
In order to limit spending, work must be undertaken to determine the resources and 
processes through which costs can be kept to a minimum, while continuing to 
produce roads with a satisfactory, useful life span 
The feasibility of the solution needs to consider not only the short-term construction 
or maintenance costs, but the costs of future works and the desired working life of 
the road. It is possible to keep costs down by using inferior materials or techniques, 
however this puts pressure on the long term cost of that element of infrastructure. 
 
1.3.2 The current situation 
 
A historical reliance on local knowledge and little or disorganised documentation of 
best practices underlies the necessity for this research, as local roads in the Crows 
Nest area have been constructed „by eye‟ for years, with little consideration for 
quality controls.  
This reliance on local rather than technical knowledge and the lack of data on local 
material properties has lead to a current situation, whereby the local roads of the 
Crows Nest region are maintained using either commercially sourced or untested 
materials. In addition, although the current construction of sealed roads usually 
follows the Standard Specifications produce by Standards Australia, or the 
Queensland Department of Transport and Main Roads, the construction of roads on 
the unsealed network continues to be empirical and undocumented. 
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Import of material from commercial quarries near Toowoomba, such as Wagners or 
Quarry Products,  comes at a great cost, as it includes the mark up of the commercial 
entity plus the costs incurred hauling it to a local job site. 
The use of „untested‟ materials relies on the incorporation of local knowledge for the 
evaluation of road building materials, such as gravels. This methodology may be 
adequate for the production of good roads; however it does little to facilitate the 
transfer of knowledge between field staff and engineering staff. Additionally, despite 
the adequacy of the road produced, it lacks the technical data to provide supporting 
evidence of its integrity. 
 
1.3.3 Possible Solutions 
 
There has been very little research into the performance of gravels used throughout 
the TRC area. Road construction and maintenance has relied heavily on local 
knowledge and experience. An investigation into the construction techniques and 
materials used for the building of unsealed roads throughout the TRC (Hanson, 
2010) brought to light several short-comings in current practices. 
Hanson (2010) focussed on construction processes and the suitability of local gravel 
materials for the resheeting (wearing course renewal) of unsealed roads. His project 
highlighted the need for greater attention to industry standards. He recommended 
that a standardised, more technical approach was required across the TRC, to 
consolidate both local and technical knowledge. His recommendations for further 
work included the investigation of the use of chemical stabilisers to improve the 
structural integrity of pavements and the suitability of local gravels sourced from 
across the region. 
Current practices for the construction and restoration of the sealed road network 
include the import of commercially available gravel products, made to satisfy the 
required specifications. Such a process cannot be employed for the unsealed roads 
network, as the material requirements for the wearing course are not satisfied by the 
manufactured gravels. 
Lime, cement and fly ash methods of stabilisation can be employed to improve 
material properties and improve the strength of the pavement material once it has 
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been place. However, for these techniques to be employed, the gravel material must 
first possess the physical characteristic of a particle size distribution that satisfies the 
standard specification or best practice. Preliminary testing on gravels for the sealed 
road network has shown that there is a need to address this problem first. 
The TRC currently blends gravels in an unscientific process, as proportions of two or 
more gravels are selected by eye. As there are both theoretical and empirical 
methods of first testing these combinations, it would be wise to first evaluate these 
mixtures against current industry standards before employing them in the field. 
The suitability of natural gravels relies also on it distributive abilities. It is not 
possible to blend two gravels from opposite ends of the TRC area and allocating 
them for use somewhere else. A well managed distribution process is integral to the 
efficient and effective allocation of the available gravel materials. Transport costs 
will prohibit the haulage of local materials over long distances. 
 
1.4 Project Aims 
 
To improve the quality of roads constructed by the Toowoomba Regional Council, 
processes need to be in place to ensure that the quality of the materials employed. 
This requires documentation of the material properties of local gravels, in both raw 
and blended form. 
The investigation of gravel pits within the Crows Nest region will provide important 
technical information regarding the physical properties of the road building materials 
that are produced. In addition to closing the gap in documented, technical 
information available, keeping current records on material data will better inform 
engineers and road designers.  
Using the included spreadsheet, road designers will have the ability to apply this 
information to theoretically evaluate a series of road blends against standard 
specifications to determine their suitability for a set task.  
A feasibility study will account for the costs and benefits of manufacturing pavement 
gravels for both sealed and unsealed road applications. 
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1.4.1 Project Objectives 
 
1. Compile data on the material characteristics of gravel pits for both sealed and 
unsealed road applications. Conducting quality controlled testing will return 
results on the laboratory performance of available gravel materials. The 
gathering of local knowledge will give insight to the perceived qualities of the 
most commonly used gravel materials and their applications. 
 
2. Evaluate the quality of the available gravels and determine the potential of 
producing a gravel product that satisfies current standard specifications and 
best practice guidelines. This process will use both theoretical and empirical 
techniques to develop a gravel product from local, standalone gravel sources. 
 
3. Identify suitable methods of gravel production based on the application of the 
end product, considering the required material characteristics and the plant and 
equipment required to produce a satisfactory result, noting the economical 
value of each process. An examination of the available literature will be 
undertaken to evaluate crushing and mixing processes. 
 
4. Determine the feasibility of manufacturing a well performing gravel product 
for use on sealed road pavements, in particular, against the importation of 
commercially available gravel products. The feasibility study will investigate 
the costs and benefits of each of the gravel production techniques. 
 
5. Identify reasonable solutions, solution pathways or changes to current practices 
that will enhance the TRC‟s road building practices in terms of both material 
performance and economy. This will include recommendations regarding 
material sources and areas requiring further investigation. 
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2 Literature Review and Background Information 
 
2.1 Blended Gravels 
 
The term „blended gravels‟ refers to the combination of two or more products, the 
purpose of which is to improve the material characteristics for construction 
processes, particularly, road building. There are a number of reasons for which a raw 
gravel material needs to be supplemented and an equal, if not greater number of 
methods through which a gravel material can be supplemented. 
The terminology „blended gravels‟ is used to describe a wide and varied range of 
gravel and related product combinations, provided that the initial raw material is 
gravel. The most common products used in gravel blending are chemical, 
cementitious, bituminous and granular, each with a specific function. It was found 
that the more common, and possibly more accurate term used, in Australia, to 
describe the process under investigation was that of „granular stabilisation‟. 
Chemical stabilisation is used predominantly used for the purposes of binder 
stabilisation and dust suppression. Various polymers and other chemical agents bind 
the fine particles to the soil. This allows the pavement to retain its fines component 
such that segregation of particles is limited. 
Cementitious binders contain a pozzalonic additive which chemically reacts with 
hydrated lime or cement to form cementitious binders. Pozzalonic products include 
iron/steel slag or fly ash. These binders provide an economical alternative (Austroads 
2006) to GP Cement. The general indication is that over time, pavements containing 
cementitious binders will become fully bound, improving the strength of the 
pavement structure. 
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2.2 Investigation into Gravel Sources 
 
The TRC has limited options in sourcing an appropriate gravel product for 
construction or maintenance operations. In order to obtain a product that will meet 
current industry standards, the TRC, for the most part, are forced to purchase the 
material commercially. Alternatively, the TRC can make use of the gravels obtained 
from local gravel pits. There are currently 21 gravel pits in operation across the 
Crows Nest district alone. Predominantly used as material sources for unsealed road 
project, there are a limited number with the potential for sealed road applications.  
Gravel pits are natural gravel sources and can include dried river beds and alluvial 
deposits. Most gravel pits open cut, much like a small scale quarry, and can pose a 
significant threat to the environment.  
 
Figure 2.1: Polzint’s Pit, Geham 
The primary consideration of the gravel source is the soil types that they contain as is 
generally dictates their suitable uses. For example, an expansive, clayey soil cannot 
be used as a road base for sealed roads applications as its plastic properties are 
unsuitable for that application. However, its binding properties make it an excellent 
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blending material for unsealed roads as it helps to hold the wearing course together 
and creates a smooth finished surface. 
The Asset Management department has created a spreadsheet of the local gravel pits 
in and around Crow‟s Nest (Appendix C) which provides a guide to the expected 
materials to be found in each, along with licensing status, location, proprietor and the 
operating status. This will act as a useful guide for the selection of the appropriate 
material types required for gravel blending. 
 
2.3 Material Specifications 
 
Some time was spent investigating the procedures employed by road authorities, not 
only locally, but interstate and internationally to evaluate the material properties of 
road building materials. This included standard specifications and best practice 
guidelines from New South Wales, South Africa, the United States and the United 
Kingdom. 
Sealed Road Materials 
The testing procedures for sealed road materials seem to be quite consistent 
regardless of the road authority involved. Minor differences were found in apparatus 
dimensions and suitability specifications, such as grading envelopes; however the 
theory behind these evaluative procedures remained the same.  
This project will adopt the Main Roads Technical Standard for Unbound Pavements 
(MRTS 05) the associated test method publications for the performance of sealed 
road material evaluation. Note that due to time and resource constraints, it is 
impossible to perform each of the prescribed tests. 
The test procedures adopted from the MRTS 05 are sampled from those used for 
quarry assessment and certification. Included in this technical standard are the 
specification requirements for various material types. The material type, as defined 
by this publication, dictates the application(s) of the proposed gravel product.  
Defined as the relative amounts of particles present in a material, sorted according to 
size, the grading of a material contributes to its performance in permeability, 
strength, compaction and workability. 
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An open graded gravel product with a predominance of particles at the nominal size, 
whilst being high in strength, it will be easily permeated, low in density and 
nightmarish to handle. 
A poorly graded or gap graded gravel is one which presents an inconsistency in 
particle size, such as a small proportion of nominally sized particles, followed by a 
dominant fines component. Such a gravel product will be very dense, post 
compaction and almost impermeable, however the a lack of substance through the 
medium stone size range, holding the material together under compaction, will cause 
it to be susceptible to losses in strength and   stability. 
A well graded gravel product, post compaction, will have a high density, low 
permeability and be less susceptible to losses in strength and stability when exposed 
to excessive moisture. 
 Figure 2.2 is an excerpt from MRTS 05 and shows the possible particle size 
distributions that may be specified by the design engineer. The B and C gradings are 
indicative of a well graded gravel product, with an even distribution of particle size. 
Notice that the nominal size allowed by the grading envelope is always 37.5mm or 
less. This requirement promotes the interlocking of particles which underpins the 
stability of the pavement. A C grading is probably the most commonly applied PSD 
specification. The D grading is beginning to tend towards a poorly graded material, 
with the majority of the product to be of a diameter less than 4.75mm and an E 
grading may display a poor size distribution or gap grading.  
 
 Figure 2.2: Particle Size Distribution (PSD) MRTS05 
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Figure 2.3: Comparing Open, Poorly and Well Graded Gravel Products 
 
Although it is difficult to distinguish the particle size differences from a purely 
visual aspect, a graphic representation plotting the percentages passing the given set 
of sieve sizes (See Figure 2.3), provides a more understandable representation of the 
material characteristics. 
The Atterberg limit tests reflect the plastic properties of the fines present in a gravel 
product.  Designs for sealed roads tend to specific gravels that display minimal 
plasticity and shrinkage as these are generally less responsive to changes in moisture 
content. Q104 –     Q106 outline the Main Roads testing procedures, while the 
following excerpt (Figure 2.4) from the MRTS05, shows the standard specification 
values for a „Type 3‟ soil.  
The soil types specified in MRTS 05 are a reflection of the plastic properties and 
strength characteristics of a gravel product. Ranging from Type 1-4, a „Type 1‟ soil 
will be stronger and have low plasticity.  
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Figure 2.4: Fines Component Properties – Type 3 (MRTS05) 
The California Bearing Ratio or CBR test will be used to evaluate the mechanical 
strength of the local gravel materials. The higher the CBR ratio is, the stronger the 
material tested will be in practice. Road authorities specify different minimum CBR 
ratios for different applications based on the type and volume of expected road 
traffic. Figure 2.5 shows the CBR requirements for Type 3 gravels, which are often 
specified for pavement base layers.  
 
Figure 2.5: CBR Requirements – Type 3 (MRTS05) 
Finally, the 10% fines test is a measure of the resistance of a gravel product to 
aggregate crushing. The greater the force required in producing 10 percent fines in a 
gravel product, the less susceptible it is to disintegration. The MRTS05 standard 
specifications provide values for the minimum resistance requirements to the force 
applied. (Figure 2.6) 
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Figure 2.6: Course Component Properties 
Unsealed Roads 
Material testing for those materials deemed suitable for use on the unsealed road 
network will be assessed in accordance with the best practice guidelines developed 
by Dr P Paige-Green of the Council for Scientific and Industrial Research (CSIR) as 
a technical brief for the International Labour Organisation (ILO). The Treton Impact 
test described by the author of this paper has been omitted from this paper due to 
time and resource constraints.  
Paige-Green‟s publication, „Material selection and quality assurance: for labour 
based unsealed road projects‟ (Paige-Green, 1998), provides recommended material 
specifications (Figure 2.7) and describes the test procedures required to evaluate 
these properties. The grading and CBR tests provide the same information as for 
sealed road materials. The linear shrinkage test is one aspect of the Atterberg testing 
procedure and provides the percentage shrinkage of the fines component in a gravel 
product. 
 
Figure 2.7: Material Specifications for unsealed wearing courses (Paige-Green 1998) 
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To estimate the performance of the wearing course Paige-Green (1998) comments 
that „the Shrinkage Product (Sp) and the Grading Coefficient (Gc) is directly 
related,‟ where the grading coefficient is a measure of the particle interlock, defined 
by the product of the gravel component of the material and the percentage passing 
the 4.25mm sieve. The shrinkage product is a measure of the plasticity of the soil, as 
defined by the linear shrinkage, and percentage passing the 0.425mm sieve. Plotting 
the Shrinkage product against the Grading Coefficient, a graphic has been developed 
to compare a performance indicator against the probable response of the wearing 
course to the given material characteristics. (Figure 2.8) 
 
Figure 2.8: Gravel Performance Indicator (Paige-Green 1997) 
Although Paige-Green utilises the Particle Size Distribution, a recommended grading 
envelope has not been incorporated into the material selection publication. However, 
Austroads produced a „Guide to Pavement Technology” in 2009. Part 6 outlines the 
demands of unsealed roads which provide a suggested PSD range for unsealed 
wearing course. (Figure 2.9) 
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Figure 2.9: Suggested PSD Range for unsealed wearing course (Austroads 2009) 
 
2.4 Environmental Impacts 
 
Environmental limitations on the extent to which local gravel pits can be used as a 
material source restrict their use to predominantly small scale roadwork projects or 
maintenance activities. Schedule 2 of the Environmental Protection Act 2008 
prohibits the extraction of quantities greater than 5000 tonnes per annum from any 
given gravel pit that does not have the appropriate licensing.  
 
The Department of Environment and Resource Management (DERM) in Queensland 
has produced a schedule of Environmentally Relevant Activities (ERA). Each of 
these activities must comply with a code of environmental compliance in order to 
obtain a license. Extractive and screening activities, such as those used for the 
production of a gravel blend may be subject to the compliance code for works 
classed under ERA 16. 
 
One of the criteria for the classification of works under this compliance code is that 
the annual quantity extracted should exceed 5000 tonnes. Although the Crows Nest 
area has just two, licensed gravel pits, that extract in excess of this amount, these 
principles need to be taken into account when extracting material from some of the 
smaller sites, particularly those that may offer scope for more expansive operations. 
 
The code of compliance for an ERA 16 is inclusive of 20 „standard environmental 
conditions,‟ complete with additional advisory notices that must be adhered to. The 
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following provides an overview of the requirements listed under each of the 
conditions. The detailed list of conditions and advisory notes may be found on the 
DERM website, under the document entitled, “Code of environmental compliance 
for certain aspects of extractive and screening activities (ERA 16 – Version 6).” 
 
1. Activity based management plan – provides a description of the activity, 
potential environmental issues and commitments to environmental goals 
2. Register of activities – details of site activities, such as dates of access, quantity 
of material removed and significant land disturbances  
3. Signage – indicating the registered site operator and reference to the code of 
compliance  
4. Bunding – of any liquids with the potential to cause environmental harm 
5. Contaminant release – spillage of environmentally harmful contaminants must 
be immediately stopped and reasonable actions taken to mitigate a recurrence 
of the release 
6.  Notification of contaminate release – any release not in accordance with the 
ERA 16 code of compliance must be reported to DERM within 24 hours and a 
written notice provided within 7 days of the release 
7. Environmental Nuisance – the release of odours or airborne contaminants must 
not cause environmental nuisance, in accordance with the relevant sections of 
the most recent edition of the Environmental Protection Policy (EPP). 
8. Dust and particulate matter monitoring – the registered operator may be 
requested to commission dust/ particulate monitoring subject to any complaint 
and provided to the administering authority within 14 days to comply with EPP 
(Air) 
9. Noise monitoring – as above, but subject to EPP (Noise) 
10. Acid sulphate soils – identification of and compliance with an acid sulphate 
management plan 
11. Topsoil Management – removal, stockpiling and use for rehabilitation  
12. Erosion and sediment control – measures must be designed, implemented and 
maintained to prevent erosion and the release of sediment resulting from the 
ERA 
13. Clearing vegetation – must be kept to the minimum area required to carry out 
the activity 
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14. Rehabilitation – must occur within 6 months of ceasing operations, temporarily 
or permanently). The operator must rehabilitate those sections of the sites not 
subject to future disturbance  
15. Maintenance of rehabilitation – must take place annually to ensure stability of 
the landform, maintain effective erosion controls and vegetation regrowth  
16. Rehabilitation success – must continue until the site can be managed for either 
its designated land-use or as otherwise agreed with the landholder.  
17. Ensuring appropriate disposal of waste – all waste generated must be recycled, 
reused or removed to a facility lawfully, under the EPA, complying with the 
EPP (Waste Management) 
18. Waste records – A record of all waste must be kept 
19. Complaint response – All complaints should be administered, detailing the time 
date and contact details of complainant, the reason for and investigations into 
the complaint, conclusions and remedial actions taken 
20. Records – All records must be kept for 5 years and be made available under the 
request of the administering authority 
 
The purpose of these conditions is to ensure the sustainability of the land and 
ecology of the immediate surrounds, by limiting the impact of the ERA. Land 
degradation can cause health problems for the neighbouring communities through 
the stagnation of collected waters and have a significant negative impact on the 
environment. 
 
The location of a numerous number of the local gravel sources on privately owned 
properties requires the sociological and ecological costs include the loss of farming 
and/ or grazing lands, caused by extractive processes to be taken into account, as 
well as the proximity of the homestead to the extraction site (in view of noise, dust 
and odours). In addition, there are areas of land within Australia that have significant 
cultural value that must be considered before excavating from a site. 
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2.5 Gravel Production 
 
Material extracted from local gravel pits often consists of a nominal particle size, 
greater than those specified, for road construction purposes, in the industry 
recognised standards and guidelines. In order to obtain a satisfactory particle size 
distribution for a given gravel material, there is a need for it to be processed. 
Typically, this process involves the crushing of a gravel material to ensure that the 
target nominal size is attained. The material is then mixed through to mitigate 
particle segregation, ensuring a consistent gravel product. Finally, prior to placing 
the material, water must be added and mixed into the material. Where granular 
stabilisation, gravel blending, operations are required; a gravel mixture can be 
attained by blending a second material with the primary aggregate product, using 
either stationary plant and equipment at the gravel source, or by using typical road 
construction plant and equipment on site. The Toowoomba Regional Council 
employs three gravel production methods, for the manufacture of local gravel 
products, depending on the application of the material and the scale of the project. 
 
2.5.1 Mobile Screening and Crushing 
 
 
Figure 2.10: Mobile Crushing Plant (precisionscreen.com.au, 2011) 
The most effective method for achieving a gravel product is through the use of 
mobile screening and crushing equipment; that can be either hired or purchased, 
depending on which is more economical in the long term. The result is a mobile, 
micro-plant, which operates in a similar fashion to commercial aggregate producers, 
on a smaller scale. For the purpose of gravel blending operations at the source, the 
following plant and equipment may be required: 
 Jaw or impact crusher – mechanisms may be used to reduce hard rock to a 
more manageable nominal size. The McCloskey i54 impact crusher (MSC, 
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2011) is capable of handling materials of up to 600mm*500mm*500mm in 
size. 
 Screens – set used for quality control, the crushed aggregate is screened to 
ensure that the desired nominal size is attained, generally between 37.5mm and 
19.0mm  
 Pugmill – Once the material has been screened, it may be conveyed to a mobile 
pugmill for the addition of water to the road base material. 
 Blending hopper – if a secondary material is added (usually of a nominal size 
that does not require crushing, such as a sand material) a blending hopper may 
be used to screen the incumbent material and transport it to the mobile pugmill. 
The variable material feed speeds allow the product to the designed 
proportions. 
This method, while effective, manufacturing up to 68 litres of material per minute, 
comes at a cost. The quote obtained in June 2011 for the McColskey i54 impact 
crusher alone was priced at $11,000 for dry hire, consuming upward of 40litres of 
diesel fuel per hour. In addition, specifically skilled labour may be required to 
operate this machinery, adding to either training costs or the employment of a 
subcontractor to perform the crushing operations. One of the advantages of this 
gravel production method is the ability to control the gravel proportions for superior 
material control. 
 
2.5.2 Rock-busting 
 
A popular method for reducing the nominal size of a gravel material is rock-busting. 
Used for in situ aggregate crushing, by drawing a hammermill rockbuster behind a 
conventional tractor. Rockbusters can be a various sizes and capacities, with some 
models capable of handling rock material, including basalt of up to 600mm in 
diameter and producing a 40mm nominal size. 
Once the material to be crushed has been deposited on site, a grader is required to 
shape the material into „runs,‟ over which the rockbusting plant may be drawn. The 
rockbusting hammers rotate at 200kph, with this method capable of producing up to 
100m
3
 of material per hour. 
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Figure 2.10: Rock Buster recycling an old pavement on the Oakey-Cooyar Road (Yin, 2011) 
 Although proven to be effective, there are several disadvantages to this method. The 
first of which is the insitu material handling of the product. Once the product has 
been placed and set up in runs and crushed, the material needs to be spread and tyned 
by the grader in preparation for the addition of water. If a secondary material is 
required, still more work is required to produce a consistent material blend. In 
addition, material cannot be screened; hence quality control measures cannot be 
introduced, as the process relies on the plant specifications to be accurate. Therefore, 
while the labour effort is high, there is no guarantee of a satisfactory result. 
 
2.5.3 Modified tamping (grid) roller 
 
 
Figure 2.11: Grid Roller crushing small rock oversize material (Broons.com, 2011) 
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The final method, often suggested by field staff, is the use of the tamping roller, in-
situ. More suited to weaker materials such as degraded granites, the use of a tamping 
roller creates very high pressures, shattering the rocks. The process involves placing 
the material, before running the roller of the top. This process may be repeated 
several times to ensure that the material has broken down and mixed using the same 
methods as rockbusting. This method contains similar inherent disadvantages as rock 
busting in terms of quality control, accentuated by the unknown, nominal material 
size that can be achieved.  
 
2.6 Conclusions 
 
The need for this research was identified by TRC engineering staff as quality 
assurance control needs were brought to light. The research required the 
identification and evaluation of commonly used gravel materials used for pavement 
construction. Granular stabilisation had been identified as a possible solution for 
improving the quality of pavement gravels employed by the TRC. 
The background information was required to obtain information that could not be 
found in external resources, which includes the determination of the more commonly 
used local material sources and their applications and the frequency of quality 
control testing, if any, performed on these materials. The asset management 
documentation and interviews with engineering and field staff provided the gravel 
pit locations and common applications, however an investigation into the frequency 
of quality control. In addition, it was identified that two thirds of the TRC road 
network is unsealed, dividing the assessment of pavement materials into the 
categories of „sealed‟ and „unsealed‟  
The research of alternative pavement improvement techniques revealed that 
processes such as chemicals stabilisation were each applied once the gravel product 
had been selected, and required an appropriate gravel product for their application. 
The suggested step of granular stabilisation fulfils this requirement. 
Granular Stabilisation is a well documented solution for the management of gravel 
sources and is an accepted industry practice for the production of pavement gravels. 
Therefore, the literature review identified the variations in terminology used to 
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describe the process of stabilisation and sought to narrow the scope of the research, 
to identify and evaluate the material specifications employed globally.  It was found 
that global standards bore little variation, permitting the use of those most commonly 
used in the Toowoomba area, resulting in the use of the Queensland Department of 
Main Roads specifications for the evaluation of sealed road materials. For the 
assessment of unsealed pavement gravels, Austroads, the association for transport 
authorities in Australia recommended Paige-Green‟s material specifications to 
employed, in conjunction with their own publications.  
Extractive industries, particularly on a large scale, are identified as being potentially 
hazardous to the environment. Research in this area identified the controls in place to 
mitigate the effects of this activity, identifying the environmental considerations to 
be acknowledged, before continuing material use. 
Finally, the various methods of gravel production were investigated, to determine 
their effectiveness in producing good quality pavement gravels, their potential costs 
and benefits and recommended applications. It was found that mobile crushing plant 
must be employed to produce sealed road materials, while rock busting and grid 
rolling are more feasible for material production of unsealed road materials. 
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3 Methodology 
 
3.1 Overview 
 
To successfully fulfil the project objects, the following methodology will 
need to be followed: 
 
 Information gathering 
 Gravel Source selection 
 Material testing 
 Material blending 
 Results analysis 
 
3.1.1 Literature Review and Background Information 
 
The practicalities of this project meant that he information required for this 
investigation could not be wholly obtained by documents, records and library 
resources. In order to determine details of current processes, consultation was carried 
out with engineers, technical officers and overseers within TRC. The consolidation 
of theoretical research with this consultation assists in not only determining the best 
practices from both a technical and practical perspective. Therefore, much of this 
section details the background information of the industry accepted material testing 
procedures and specifications employed by this study for the evaluation of gravel 
materials. 
 
3.1.2 Site Selection 
 
Gravel materials are selected by either the project engineer or overseer, depending 
on the application. The selection of a local material source is a function of the 
application and its proximity to the job site. The implication of this process is that 
although a number of gravel pits are deemed to be active, the frequency of their 
usage is dependent upon the volume of work being carried out in that vicinity. As a 
result, a number of these local sources are left untended for long periods of time, 
leading to the overgrowth of access routes, material segregation and hardening of the 
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of the stockpiles. A lack of earthmoving plant on some sites make it difficult, in some 
cases impossible, to obtain a relevant and representative samples. 
In addition to problems with the materials themselves, are logistical issues including 
personnel and vehicle availability, site access, mapping information, time and cost. 
The two greatest obstacles were those of personnel and mapping information as the 
only soil technician‟s attentions were required elsewhere and the asset mapping 
information was not up to date, making it difficult to locate each local gravel source 
in an efficient manner. This resulted in just 13 of the supposed 21 active gravel pits 
being visited. This problem highlights the problems associated with a reliance on 
local knowledge as access to information was very limited. It is noted however that 
the top 10, according to the asset management information, gravel sources were 
sampled from. 
 
3.1.3 Materials Testing 
 
The material testing procedures will be carried out by NATA accredited soil 
laboratories, including TRC‟s Crow‟s Nest laboratory. Tests not performed at this 
facility, will be outsourced to a commercial, NATA registered soil laboratory.  
Sealed Road Material Testing 
All tests will be carried out in accordance with Main Roads Technical Standard 05 
(MRTS05) and the associated documents, including: 
 
 Particle Size Distribution test (Q103) 
 California Bearing Ratio test (Q113) 
 Atterberg test, which includes: 
- Liquid Limit (Q104) 
- Plasticity Index (Q105) 
- Plasticity Limit (Q105) 
- Linear Shrinkage (Q106) 
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Unsealed Material Testing 
Although unsealed road materials will be evaluated in accordance with a 
combination best practice guidelines developed by Paige-Green and Austroads, in 
the interest of efficiency will be carried out using the same test procedures as for 
sealed road materials. Evaluation of test results for unsealed road use will include: 
 Particle Size Distribution test (Guide to Pavement Technology: Part 6,Austroads) 
 California Bearing Ratio test (Paige-Green, 1998) 
 Linear Shrinkage test (Paige-Green, 1998) 
 Gravel Performance Index (Paige-Green, 1998) 
 
3.1.4 Material Blending 
 
Preliminary evaluations of gravel blends can be undertaken through the use of a 
computer model developed in Microsoft Excel (2007). The model incorporates ratio 
calculations to proportion user inputted gravel properties that can be evaluated 
against requirements for particle size distribution, strength and plastic material 
properties. Figure 3.1 shows a screenshot of the basic user interface, for the 
proportioning the individual material data, and resultant graphs. 
 
Figure 3.1: Screenshot of the data entry and results sheet (Yin, 2011) 
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Once the model has returned a suitable gravel combination, the blend can then be 
subjected to the same material testing process employed in the evaluation of the raw 
gravel materials. The physical material testing of gravel blends is beyond the scope 
of this project. 
In order to provide a cost effective solution, the gravel pits evaluated for blending 
purposes need to be within reasonable proximity to one and another. For example, a 
blend that incorporates gravels from Highfields and Yarraman (over 80km apart) is 
not appropriate as the towns are on opposite ends of the region and it will not be 
feasible to transport the gravels such great distances. 
 
3.1.5 Results Analysis 
 
The materials testing procedure will result in the formulation of two sets of results: 
1. Individual gravel pit results 
2. Potential gravel blend analysis 
The first set of results will detail the physical properties of the raw materials sampled 
from the individual gravel pits, evaluated against the parameters found in the 
previous section. Included in the results will be a brief description of the site, 
followed by the material type, the name of the source, its licensing and ownership 
status as well as a commentary on the material testing results from each pit and the 
suitable applications.  An overall discussion of the results, along with a summary 
table will be provided at the end of the section to give an overview of the available 
materials and any recurring problems that have been identified during the testing 
process. 
The second set of results will provide information regarding the potential 
applications of identified gravel blending opportunities. This selection will include 
information regarding the proportions of each blended material, justification of the 
material combination, proximity information and a commentary of any perceived 
shortcomings. 
Circumstances outside the control of this project prevented a comprehensive 
feasibility study from being undertaken. In lieu of this, a section regarding feasibility 
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considerations has been included to highlight the areas that affect the feasibility of 
employing locally produced gravel materials. 
The expected outcome of these sections is the identification of potential gravel 
sources for future road construction purposes and the determination of reasonable 
solution pathways for their application. In addition, the evaluation of individual local 
gravel pits will highlight their shortcomings as standalone materials, based on the 
selected assessment criteria. Recommendations may also be made against problems 
that may arise throughout the evaluation procedure.   
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4 Gravel Pit Investigation  
 
4.1 Materials 
 
4.1.1 Material Sampling 
 
At the outset of the gravel pit investigation, the material sampling procedure was to 
be carried out in accordance with Q050. Due to the condition of a number of the 
gravel pits however, it was not always possible. Therefore, it is noted that material 
was sampled in such a way that the most representative sample could be collected, 
given the constraints. 
4.1.2 Material Testing 
 
The Toowoomba Regional Council‟s Soil Laboratory in Crow‟s Nest, which has 
been endorsed by the National Association of Testing Authorities (NATA), is 
responsible for the results of the PSD and Atterberg tests. As CBR test is outside the 
scope of this laboratories accreditation, these were outsourced to Soiltech; a privately 
owned and operated laboratory, also NATA accredited. The 10% fines and Flakiness 
index tests were beyond the resource capabilities of this project. 
The process of material testing is integral in evaluating the most appropriate 
application for each of the excavated gravel products. In order for a gravel product to 
be accepted under a set material specification, it must comply with the minimum 
values of each of the following criteria.  
The results obtained from the testing process (Appendix D) were evaluated against 
the material specifications given in MRTS05, Paige-Greens (1997) „Material 
selection and quality assurance: for labour-based unsealed road projects‟ and 
Austroads (2009) „Guide to Pavement Technology (Part 6).‟  
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4.1.2.1 Particle Size Distribution 
 
In the interest of efficiency, the Particle Size Distribution (grading) test was carried 
out, on each material, in accordance with Q103A. Due to the variability in material, 
the PSD results were reported without the constraint of a grading envelope. These 
results were then entered into the excel program and analysed to determine the 
grading(s) achieved by each of the materials. 
 
4.1.2.2 Atterberg Limits 
 
Material specifications require the fines component of a gravel material to lie within 
a given Atterberg limit range in order to be deemed suitable for that application. In 
this case the Atterberg test results were compared with the relevant material 
specifications and best practice guidelines in order to determine the most suitable 
application for each material. 
 
4.1.2.3 California Bearing Ratio 
 
Material specifications provide a minimum CBR value that must be met in order for 
a given product to comply. If the material meets the criteria for PSD and Atterberg 
Limits, but does not match this minimum value, it will not be deemed suitable. 
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4.2 Gravel Pit Results 
 
4.2.1 Bowen’s Pit 
 
 
Figure 4.1: Bowen’ Pit 
Site Description 
15km, as the crow flies, directly North of Crow‟s Nest, this site is quite remote in 
terms of accessibility, surrounded predominantly by local, unsealed roads. The 
current recommendation for usage of this material limits its application to only those 
roads in the immediate vicinity. The site is privately owned and is located on the site 
of a property owner, whose permission must be sought prior to use of the material.   
Ownership: Private 
Licensing Status: Unlicensed  
Material Description 
Bowen‟s Pit is deceptive from a visual perspective. A grey, clayey gravel material, to 
the untrained eye, it appears to be a promising gravel material. The stockpile 
sampled contained a large proportion of oversize material, with a nominal size of 
approximately 70mm. 
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Table 4.1: Bowen’s Pit Results 
PSD (July 2011) Gravel Performance Index (July 2011) 
  
Atterberg Limits (July 2011) Soaked CBR (July 2011) 
Liquid Limit (%) 36.5 
18 
Plastic Limit (%) 23.5 
Plasticity Index 13.0 
Linear Shrinkage (%) 4.6 
 
Particle Size Distribution 
The PSD for Bowen‟s pit was evaluated against the limits prescribed for an unsealed 
wearing course, based on the results obtained from the CBR and Atterberg tests. The 
results are indicative of a material containing a sufficient proportion of fines to 
satisfy the grading requirements; however, the coarser gravel component (>2.36mm) 
is poorly graded, such that the distribution of material size through the material does 
not meet the prescribed requirements. 
One potential cause for the poor distribution of particle size through this sample is 
the natural, raw, state of the won material. The oversize present in the stockpile 
would have lead to a significant distortion of the results.  
However, for the purpose of evaluating the material for its blending capabilities, the 
PSD result has been taken to be representative, in order to assess its blending 
capabilities. With this assumption noted, the remedy to the given distribution is to 
introduce a secondary material to bolster the proportion of material sizes between 
2.36mm and 19.0mm.  
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Atterberg Limits 
The Atterberg limit tests results reflect a material that has some scope for use as a 
base course product; however this is limited to specifications for a type 2.5 or 3.5 
gravel option. 
In the assessment for potential use as an unsealed wearing course, the results were 
positive, with the fines component of this material revealing that, based on the 
calculated proportions of material sizes passing the 26.5mm, 2.36mm and 4.75mm 
sieves, the material in its current state would perform well ad an unsealed wearing 
course, as visualised in the Gravel Performance Index diagram. 
California Bearing Ratio 
The soaked CBR ratio given by this material in Figure X meets the required 
specification for type 2.5, 3.5, 4.5 unbound materials. The ratio also satisfies the 
minimum requirement for an unsealed wearing course. 
 
4.2.2 Breydon’s Pit 
 
Site Description 
The site is located in the North-West of the Crow‟s Nest service area, 25km from 
Crow‟s Nest. The New England Highway is located 6km to the East of the site; 
however access is gained through a network of local, unsealed roads, making appear 
somewhat remote. The site consists of two stockpiles of differing materials; therefore 
separate tests were carried out to determine the properties of each. The stockpiles 
have been left in a state of disuse, resulting in segregation and hardening of the 
surface material.  
Ownership: Private 
Licensing Status: Unlicensed 
Material Description (Stockpile 1) 
The first stockpile sampled is made up of a coarse basalt material, with brown clay 
fines. There is a high proportion of large basalt rock within the material, distorting 
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the sample such that it is misrepresentative of the available material. It is suggested 
that some crushing of the existing material is required to break down the basalt rock 
to are usable nominal size (<50mm) 
 
 
Figure 4.2: Beydon’s Pit – Stockpile 1 
Table 4.2: Breydon’s Pit Results: Stockpile 1 
PSD July 2011 Gravel Performance Index (July 2011) 
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Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 51.6 
9 
Plastic Limit (%) 29.1 
Plasticity Index 22.6 
Linear Shrinkage (%) 13.8 
 
Particle Size Distribution 
The PSD for Breydon‟s Pit (Stockpile 1) was evaluated against the limits prescribed 
for an unsealed wearing course, based on the results obtained from the CBR and 
Atterberg tests. The results are indicative of a material containing a sufficient 
proportion of fines to satisfy the grading requirements; however, the coarser gravel 
component (>2.36mm) is poorly graded, such that the distribution of material size 
through the material does not meet the prescribed requirements. 
In this case, the distortion is caused by the large proportion of basalt rock, above the 
nominal size included in the test results. As the basalt rock has been left uncrushed, 
the sample contains a high proportion of fine material, lacking in stone sizes between 
2.36mm and 19.0mm.  
However, for the purpose of evaluating the material for its blending capabilities, the 
PSD result has been taken to be representative, in order to assess its blending 
capabilities. With this assumption noted, the remedy to the given distribution is to 
introduce a secondary material to bolster the proportion of material sizes between 
2.36mm and 19.0mm.  
Atterberg Limits 
Results of the Atterberg tests reveal the plastic properties of the brown clay fines to 
be too high to fit the specifications set out for unbound pavement materials in 
MRTS05. 
In the assessment for potential use as an unsealed wearing course, the results showed 
that due to a high proportion of fines, coupled with a high linear shrinkage, this 
would cause the wearing course to be slippery, therefore unsafe for motorists. 
California Bearing Ratio 
 The soaked CBR ratio given by this material in Figure X does not meet the 
requirements for use as either an unbound pavement material or an unsealed wearing 
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course. It is suggested however, that crushing of the available basalt oversize might 
boost the strength of this gravel product. 
 
4.2.3 Breydon’s Pit: Stockpile 2 
 
 
Figure 4.3: Breydon’s Pit – Stockpile 2 
 
Site Description 
See Section 4.2.2 
Material Description (Stockpile 2) 
This stockpile contains what is colloquially known as a „pea gravel‟ material. This is 
a red gravelly clay material, predominantly accepted to be suitable for use on 
unsealed local roads. There is a significant proportion of oversize rock (>50mm), 
though this has had a lower implication on the distribution of particles required to 
obtain a representative sample.  
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Table 4.3: Breydon’s Pit Results – Stockpile 2 
PSD (July 2011) Gravel Performance Index (July 2011) 
 
 
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 48.9 
3 
Plastic Limit (%) 27.6 
Plasticity Index 21.4 
Linear Shrinkage (%) 9.6 
 
Particle Size Distribution 
The PSD for Bowen‟s pit was evaluated against the limits prescribed for an unsealed 
wearing course, based on the results obtained from the CBR and Atterberg tests. The 
grading curve produced reflects a material that falls within the recommended limits 
set out for an unsealed wearing course. 
Despite the material grading satisfying the requirements for an unsealed wearing 
course, there remains room for improvement in improving the distribution of 
material between the sizes of 4.75mm and 19.0mm. 
However, for the purpose of evaluating the material for its blending capabilities, the 
PSD result has been taken to be representative, in order to assess its blending 
capabilities. Therefore, the PSD is deemed to be satisfactory for individual use. 
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Atterberg Limits 
Results of the Atterberg tests reveal the plastic properties of the brown clay fines to 
be too high to fit the specifications set out for unbound pavement materials in 
MRTS05. 
In the assessment for potential use as an unsealed wearing course, a very high 
proportion of fines, coupled with a moderately high linear shrinkage, would form a 
wearing course that is both very dusty and slippery. 
California Bearing Ratio 
 The soaked CBR ratio given by this material in Table 4.3 is very low and does not 
meet the requirements set out for an unsealed wearing course. This low strength 
might be improved through the inclusion of the oversize stone. 
 
4.2.4 Collin’s Pit  
 
Site Description 
Located in the far North East of the Crow‟s Nest service area, 30km from Crow‟s 
Nest, Collin‟s Pit is very isolated and access is difficult. Far removed from sealed 
roads, this blending potential for this material is limited. The site is privately owned 
and is located deep within private property. A prior agreement must be reached 
before this material can be used. Visual inspection suggests that the yield from this 
pit is also very limited, with further cuttings restricted by the location of the 
homestead. 
Ownership:  Private 
Licensing Status:  Unlicensed 
Material Description 
Collin‟s Pit contains a basalt gravel material, with a nominal size of approximately 
70mm. The material is very low in fines. It is doubtful whether the crushing of 
oversize would result in the creation of enough fine material to constitute a 
standalone product.  
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Table 4.4: Collin’s Pit Results 
PSD (July 2011) 
  
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 29.5 
N/A 
Plastic Limit (%) 18.8 
Plasticity Index 10.8 
Linear Shrinkage (%) 5 
 
Particle Size Distribution 
The PSD for Collin‟s Pit was evaluated against the B and C grading limits set out in 
MRTS05, based on the results obtained from the Atterberg tests. The results are 
indicative of a material that consists of very little in the way of a fines component 
(<2.36mm), which is indicated in Table 4.4 by the material‟s failure to satisfy the 
requirements of the two grading types. 
The crushing of the observed oversize may produce a PSD that conforms to the 
required limits by producing a great enough proportion of fines. 
However, for the purpose of evaluating the material for its blending capabilities, the 
PSD result has been taken to be representative, in order to assess its blending 
capabilities.  
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Atterberg Limits 
The Atterberg limits revealed that the fines component present in the current material 
to be conducive to the production of unbound pavement materials of types; 2.4, 2.5 
and 3.3 – 3.5 as specified in MRTS05. 
 
California Bearing Ratio 
Due to the lack of fines present within this material, the soil technician was unable to 
produce a CBR result. In order to establish a CBR, the optimum moisture content 
(OMC) must be determined such that the material can be compacted to its greatest 
density, which is required in order to run the test. As the fines component has a 
significant impact on the OMC, its minimal proportion means that that moisture is 
not retained within the sample, making it impossible to determine the OMC and 
subsequently, any tests that require this value.   
 
4.2.5 Dummitt’s Pit 
 
 
Figure 4.4: Dummitt’s Pit 
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Site Description 
Located in the small town of Haden, 17km West North-West of Crow‟s Nest, 
Dummitt‟s Pit is one of the more accessible of the district‟s gravel. Often used for 
small scale sealed road projects, the TRC employs mobile crushing plant from on 
occasion to reduce the particle size to a nominal dimension of approximately 20mm.  
Ownership: Private 
Licensing Status: Unlicensed 
Material Description 
The material extracted from Dummitt‟s Pit is a weathered basalt rock. At the time of 
this site visit, a quantity of the material had been crushed, ready for use. Like 
Polzin‟s Pit, the material from this site was also short of fines. As this material has 
been recognised as having the potential for use in sealed road applications and shall 
be evaluated against these standards. One of the few gravel pits with historical 
records, there is scope for a comparison of the material changes over time. 
Table 4.5: Dummitt’s Pit Results 
PSD March 2011 
  
PSD November 2010 
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Atterberg Limits 2011 CBR 2010 
Liquid Limit (%) 38.0 
80 
Plastic Limit (%) 26.4 
Plasticity Index 11.6 
Linear Shrinkage (%) 6.5 
 
Particle Size Distribution 
Based on the known historical use of the material, the gravel material sampled was 
evaluated against B and C grading limits. For comparative purposes the test results 
from a 2010 evaluation has also been included. The results are indicative of a 
material that satisfies the requirements for a B type gravel product; however, against 
the C grading there is evidence that the material is deficient in fines. 
A comparison with the grading results from 2010 shows that the 2011 sample is not 
as well graded. The more poorly graded the material, the greater the need will be for 
gravel blending to supplement the material deficiencies. In addition, the change in 
PSD over a relatively short time highlights the need for regular quality controls to be 
in place, as this will affect material quality and the blending proportions. 
The remedy to mitigate a low fines component a proportion of high fines material 
needs to be blended to boost this such that is offsets the grading curve to satisfy 
grading requirements. 
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Atterberg Limits 
The Atterberg limit tests results reflect a material that has some scope for use as a 
base course product, including; 2.3, 2.4, 2.5, 3.3, 3.4, 3.5 type materials.   
California Bearing Ratio 
The soaked CBR ratio given by this material in Figure X meets the required 
specification for all unbound materials types. The ratio also satisfies the minimum 
requirement for an unsealed wearing course.  
Commentary 
Although the PSD, CBR and Atterberg tests performed on this product would 
suggest that it is a suitable material for some unbound pavement applications, the 
nature if the product as a decomposed granite material raises questions of its abilities 
under degradation. These characteristics are reflected in its response to the 10% fines 
and Flakiness Index tests, which have not been included in this document. Therefore, 
further analysis is required to evaluate the material properties against those 
conditions. 
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4.2.6 Eyer’s Pit 
 
 
Figure 4.5: Eyer’s Pit 
 
Site Description 
Located just 4.5km East South-East of Crow‟s Nest, Eyer‟s Pit is one of the largest 
in the Crow‟s Nest District, adjacent to Perseverance Dam road. It‟s convenient 
location and historically reasonable performance under field conditions has made it 
one of the most preferred local material sources. The site requires a licensed 
contractor for crushing quantities greater than 100,000 t p.a 
Ownership: Private 
Licensing Status: Licensed & Registered – Extract to 100,000 t p.a  
Material Description 
Eyer‟s Pit contains a decomposed granite and loam product. The material had been 
crushed and stockpiled at the time of the site visit; therefore the sampled material is 
representative of what would be used in practice. There has been extensive use of 
this product for unsealed road projects. 
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Table 4.6: Eyer’s Pit Results  
PSD July 2011 
  
Gravel Performance Index (July 2011) 
 
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 30.7 
60 
Plastic Limit (%) 20.6 
Plasticity Index 10.2 
Linear Shrinkage (%) 4.4 
 
Particle Size Distribution 
The grading results for this material reveals that its PSD satisfies the grading limits 
set out in MRTS05 and Paige-Green (1998) for an unbound material type C grading 
and an unsealed wearing course grading, respectively. However, the unsealed 
wearing course evaluation shows that it tends towards the lower limits.  
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The fines component of a material generally promotes its adhesive qualities, which 
are lacking in this material as is evidenced in the Gravel Performance Indicator 
diagram, which indicates that standalone use of this material will produce a wearing 
course prone to ravelling and corrugation. 
In order to improve its cohesive properties and provide a better graded fines 
component, the material needs to be blended with a product that boasts these 
qualities. 
Atterberg Limits 
The plastic properties of the sample taken from Eyer‟s Pit reflect a material that 
would be useful as an unbound pavement material of types: 2.4, 2.5, 3.3, 3.4 and 3.5 
as set out in MRTS05. 
While the grading coefficient for this material falls within a range that would be 
deemed as „good‟ for use as an unsealed road surface, the low proportion of fines, 
coupled with a relatively low linear shrinkage has resulted in a shrinkage product 
that reflects a ravelling and corrugating end product. 
 California Bearing Ratio 
The CBR (Figure) returned for Eyer‟s Pit, reflected a material strength that would be 
deemed suitable for use as most types of unbound pavement materials, excluding: 
2.1, 3.1 and 4.1.  
Where an unsealed wearing course specifies a minimum CBR of 15, this result more 
than satisfies these requirements 
Commentary 
Although the PSD, CBR and Atterberg tests performed on this product would 
suggest that it is a suitable material for some unbound pavement applications, the 
nature if the product as a decomposed granite material raises questions of its abilities 
under degradation. These characteristics are reflected in its response to the 10% fines 
and Flakiness Index tests, which have not been included in this document. Therefore, 
further analysis is required to evaluate the material properties against those 
conditions. 
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4.2.7 Gillie’s Pit 
 
 
Figure 4.6: Gillie’s Pit 
Site Description 
Located 6.5 km North-East of Crow‟s Nest, this site is reasonably accessible. 
Though privately owned, no agreement is required prior to the use of this material 
Ownership: Private 
Licensing Status: Unlicensed 
Material Description 
Gillie‟s Pit contains a granite sand material with stone inclusions, and yellow/ brown 
clayey sand fines. The nominal size of this material is approximately 37.5mm, 
enabling the collected sample to be representative of the stockpiled material.   
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Table 4.7: Gillie’s Pit Results 
PSD July 2011 
  
Gravel Performance Index (July 2011) 
 
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 32.5 
90 
Plastic Limit (%) 21.4 
Plasticity Index 11.2 
Linear Shrinkage (%) 6.2 
 
Particle Size Distribution 
The grading results for this material reveals that its PSD satisfies the grading limits 
set out in MRTS05 and Paige-Green (1998) for an unbound material type C grading 
and an unsealed wearing course grading, respectively. However, the unsealed 
wearing course evaluation shows that it tends towards the lower limits.  
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The grading coefficient, which estimates the potential for particle inter-lock is 
slightly higher than the recommended limit, caused by the proportion of material 
sizes between 26.5mm and 2.36mm sieves. Therefore, although the material‟s 
cohesive properties are satisfactory, the results indicate that standalone use of this 
material will produce a wearing course prone to ravelling. 
In order to improve its inter-locking properties and to provide a better graded fines 
component, the material needs to be blended with a product that boasts these 
qualities. 
Atterberg Limits 
The plastic properties of the sample taken from Gillie‟s Pit reflect a material that 
would be useful as an unbound pavement material of types: 2.4, 2.5, 3.3, 3.4 and 3.5 
as set out in MRTS05. 
The calculated shrinkage product for this material falls within a range that would be 
deemed as „good‟ for use as an unsealed road surface, though the performance is 
pushed into the ravelling category, based on its PSD 
California Bearing Ratio 
The CBR (Figure) returned for Gillie‟s Pit, reflected a material strength that would 
be deemed suitable for use as any gravel type, as set out in MRTS05  
Where an unsealed wearing course specifies a minimum CBR of 15, this result more 
than satisfies these requirements, which may prove necessary if blended with a low 
strength, but more cohesive gravel product. 
Commentary 
Although the PSD, CBR and Atterberg tests performed on this product would 
suggest that it is a suitable material for some unbound pavement applications, the 
nature if the product as a decomposed granite material raises questions of its abilities 
under degradation. These characteristics are reflected in its response to the 10% fines 
and Flakiness Index tests, which have not been included in this document. Therefore, 
further analysis is required to evaluate the material properties against those 
conditions. 
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4.2.8 Kangaroo Pit 
 
 
Figure 4.7: Kangaroo Pit 
Site Description 
This site is located in a remote area of the Crow‟s Nest Region, 20km NNW of 
Crow‟s Nest, and access is difficult. However the TRC is currently in the process of 
reforming the unsealed access road. The site itself is reasonably large and the 
material is obviously variable. Time restraints restricted the sample to just one of the 
stockpiles, leaving scope for future investigation of the remaining stockpiles. 
 
Material Description 
The material sampled was grey/brown clay, a description which immediately 
allocates it to unsealed road use only. The material is very high in fines, with some 
coarse material, though the nominal size would not be much greater than 37.5mm, 
though some large boulders had been removed during the extractive process. 
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Table 4.8: Kangaroo Pit Results 
PSD July 2011 Gravel Performance Index (July 2011) 
  
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 55.8 
2.5 
Plastic Limit (%) 31.7 
Plasticity Index 24.2 
Linear Shrinkage (%) 9.2 
 
Particle Size Distribution 
The sampled material was evaluated against the parameters set out by Paige-Green 
(1998) for an unsealed wearing course. The PSD is shows a material that has 
excessively high proportion of fines, eliminating it from use as a standalone gravel 
product. 
In order to produce a grading that satisfies the unsealed wearing course parameters, it 
may be blended with a product that was a major lower proportion of fines, to 
improve the grading results, such that they fall within the given limits. 
Atterberg Limits 
A high proportion of fines, coupled with a relatively high linear shrinkage, have 
resulted in a shrinkage product that would result in a slippery wearing course. This 
situation should be avoided as it creates an unsafe environment for motorists. 
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The remedy of incorporating a product that with a much lower fines components, 
which usually have a low shrinkage product may be incorporated in a proportion that 
causes the results to satisfy the gravel performance index requirements. 
California Bearing Ratio 
The CBR value for an unsealed wearing course is recommended to be greater than 
15. The CBR for Kangaroo Pit falls well short of this benchmark. 
Commentary 
The high proportion of cohesive fines and low strength result in a material that is not 
recommended for standalone use. However, used in small proportions, as a part of a 
blended gravel product, the material may still be used to offset the fines component 
deficiencies of more granular gravel material, provided that these are capable of 
improving the strength deficiencies inherent in this clayey material. 
 
4.2.9 Patzwald’s Pit 
 
Site Description 
Located 16.5 km South-West of Crow‟s Nest, Patzwald‟s Pit is one of the more 
accessible gravel sources within the Crow‟s Nest District. It was not visited on this 
occasion as the material had been stockpiled at Polzin‟s Pit for granular stabilisation 
purposes.  
Ownership: Private 
Licensing Status: Unlicensed 
Material Description 
Patzwald‟s Pit is made up of a yellow/ brown sandstone material that is high in fines. 
The material from Patzwald‟s has been used historically as a blending product, 
however, there is little data available regarding its standalone properties. 
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Table 4.9 : Patzwald’s Pit Results 
PSD July 2011 
 
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) N/A 
N/A 
Plastic Limit (%) N/A 
Plasticity Index N/A 
Linear Shrinkage (%) N/A 
 
Particle Size Distribution 
The PSD of the material is shown in the figure, against the grading for a B type 
gravel product. The selection of these limits was arbitrary and is displayed to show 
the distorted distribution of particle sizes within the gravel material. The grading 
curve shows a material, with a disproportionate fines component, where almost 95% 
of the sample passed through the 2.36mm sieve. 
As suggested, the primary use for this material would be to supplement the fines 
component of a bonier gravel material. 
Commentary 
A part of the preliminary testing phase, there remains little in the way of standalone 
material. Referral to its Blend with the decomposed gravel from Polzin‟s Pit, 
provides some indication of its potential laboratory performance. However, further 
testing will be required to obtain documented evidence. 
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4.2.10 Polzin’s Pit 
 
 
Figure 4.8: Polzin’s Pit 
Site Description 
Polzin‟s Pit is located in the South West of the Crow‟s Nest district, 15km from 
Crow‟s Nest itself. The site is easily accessible, located adjacent to the Groomsville 
Road, 10km East of the New England Highway, with the material used extensively 
for sealed, local road applications 
Material Description 
The material extracted from Polzin‟s Pit is a weathered basalt rock. At the time of 
this site visit, a quantity of the material had been crushed, ready for use. A visible 
short-coming in the material‟s properties was a low proportion of fines in the 
product. This material has been recognised as having the potential for use in sealed 
road applications and shall be evaluated against these standards. 
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Table 4.10: Polzin's Pit Results 
PSD March 2011 
  
PSD July 2009 
  
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 20.6 
N/A 
Plastic Limit (%) 12.4 
Plasticity Index 2.2 
Linear Shrinkage (%) 2.2 
 
Particle Size Distribution 
Polzin‟s Pit is one of the few in the Crow‟s Nest region to have some historical 
record of material it has produced. There are, therefore, two sets of PSD results 
available for analysis. In both cases the material had been crushed, therefore the 
results represent accurately, the nature of a product manufactured from this pit. 
0.075 0.425 2.36 4.75 9.5 19 37.5 53 75 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
P
e
rc
e
n
ta
g
e
 P
a
s
s
in
g
 
Sieve Size (mm) 
B Grading 
0.075 0.425 2.36 4.75 9.5 19 37.5 53 75 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
P
e
rc
e
n
ta
g
e
 P
a
s
s
in
g
 
Sieve Size (mm) 
C Grading 
0.075 0.425 2.36 4.75 9.5 19 37.5 53 75 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
P
e
rc
e
n
ta
g
e
 P
a
s
s
in
g
 
Sieve Size (mm) 
B Grading 
0.075 0.425 2.36 4.75 9.5 19 37.5 53 75 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
P
e
rc
e
n
ta
g
e
 P
a
s
s
in
g
 
Sieve Size (mm) 
C Grading 
57 
 
Figure 1 shows the PSD results for March 2011 and July 2009. A comparison of 
these results shows that some consistency in the material has been retained over 
time, a positive finding that will influence future material selection. The purpose of 
displaying the PSD against both the B and C grading envelopes is to show that while 
the material satisfies the material specification for a B graded product; that it also 
comes close to the satisfaction of a C grading. Analysis of the PSD curve reveals that 
should this material be blended with a material containing a greater proportion of 
fines, that it may meet C grading requirements, therefore improving its scope of 
application.  
Atterberg Limits 
The Atterberg Limit results (Figure 1) indicate that the material extracted from 
Polzin Pit comply with the ranges of the following sealed road material types: 2.4, 
2.4, 3.3, 3.4, 3.5. These material types are some of the most widely employed 
specifications for gravel products used sealed road sub-base. 
California Bearing Ratio 
The Polzin‟s Pit material was tested for its gravel blend capabilities, excluding CBR 
evaluation during the preliminary material evaluation process and the site has not 
been revisited at this stage, due to time constraints. However, the bearing capacity of 
the gravel blend (Section 5.) would suggest that its individual performance would 
satisfy sealed rod material requirements. 
4.2.11 Smoothy’s Pit 
 
Site Descriptin 
This site had been unused for some months and there was a noticeable segregation 
and hardening of material in the stockpile. In addition, a large proportion of the fines 
component had been washed out of the stockpile and was caked around the base.  
Material Description 
Smoothy‟s pit contains a white, clayey sandstone material with some abrasive sandy 
rock. It was impossible to obtain a representative sample from this location due to 
the caking of fines 
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4.2.12 Taylor’s Pit 
 
 
Figure 4.9: Taylor’s Pit 
Site Description 
Located 14km South South-East of Crow‟s Nest, Taylor‟s Pit is another of the 
largest material sources within the Crow‟s Nest District. Centrally located, adjacent 
to the Esk-Hampton road in Ravensbourne, access is convenient and an agreement 
with the owner to remove a minimum of 10000 tonnes per annum, it is the most 
commonly used local material used throughout the region.  
Ownership: Private 
Licensing Status: Licensed & Registered – Extract to 100,000 t p.a. 
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Material Description 
Taylor‟s pit consists of Pink-Red / Brown Clayey Sandstone with stone inclusions. 
The material has been employed for both sealed and unsealed road construction. 
Historical data shows evidence of a changing material, therefore care must be taken 
in the application of recommendations made herein.   
Table 4.11: Taylor’s Pit Results 
PSD 04/05/2007 PSD 21/05/2007 
  
PSD 21/05/2007 PSD July 2011 
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Gravel Performance Indicator (July 2011) 
 
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 34.8 
45 
Plastic Limit (%) 22.1 
Plasticity Index 12.8 
Linear Shrinkage (%) 4.6 
 
Particle Size Distribution 
The grading curve for Taylor‟s Pit falls within the recommended limits for an 
unsealed wearing course.  However, the variations in results, from samples taken 
over time and at various locations within the large site, indicate that the material 
properties are variable. The latter PSDs show that the material may be losing some 
of the larger size particles, evident in the 2007 results. 
Atterberg Limits 
The plastic properties of the sample taken from Taylor‟s Pit reflect a material that 
would be useful as an unbound pavement material of types: 2.5, 3.5 as set out in 
MRTS05. 
The Gravel Performance Indicator chart reflects a material that is suited to unsealed 
road applications. 
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California Bearing Ratio 
The CBR (Figure) returned for Eyer‟s Pit, reflected a material strength that would be 
deemed suitable for use as an unbound pavement material for types: 2.3, 2.4, 2.5, 
3.3, 3.4, 3.5, 4.3, 4.4 and 4.5.  
A CBR of 45 is well above the minimum value suggested by Paige-Green (1998) for 
use as an unsealed wearing course. 
Commentary 
Although CBR and Atterberg tests performed on this product would suggest that a 
gravel blend containing this product would be a suitable material for some unbound 
pavement applications, the nature if the product as a decomposed granite material 
raises questions of its abilities under degradation. These characteristics are reflected 
in its response to the 10% fines and Flakiness Index tests, which have not been 
included in this document. Therefore, further analysis is required to evaluate the 
material properties against those conditions. 
 
4.2.13 Tibben’s Pit 
 
Site Description 
This site had been unused for some months and there was a noticeable segregation 
and hardening of material in the stockpile, making it difficult to obtain a 
representative sample. In addition to segregation, a large proportion of the material 
particles were greater than the recommended nominal particle size of 37.5mm 
(Paige-Green, 1998). 
 
Material Description 
Tibben‟s pit contains a white motley rock with a grey/brown clayey sand fines 
component. The sample retrieved from Tibben‟s pit contained a nominal size of 
approximately 25mm. The high proportion of fines found in this material meant that 
it was evaluated against unsealed wearing course parameters 
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Figure 4.10: Tibben’s Pit 
 
Table 4.12 : Tibben’s Pit Results 
PSD July 2011 
  
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 40.9 
13 
Plastic Limit (%) 25.5 
Plasticity Index 15.4 
Linear Shrinkage (%) 6.6 
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Particle Size Distribution 
 
The PSD for Tibben‟s pit was evaluated against the limits prescribed for an unsealed 
wearing course, based on the results obtained from the CBR and Atterberg tests. The 
results are indicative of a material containing a sufficient proportion of fines to 
satisfy the grading requirements; however, the coarser gravel component (>2.36mm) 
is poorly graded, such that the distribution of material size through the material does 
not meet the prescribed requirements. 
One potential cause for the poor distribution of particle size through this sample is 
the natural, raw, state of the won material. The oversize present in the stockpile 
would have lead to a significant distortion of the results.  
However, for the purpose of evaluating the material for its blending capabilities, the 
PSD result has been taken to be representative, in order to assess its blending 
capabilities. With this assumption noted, the remedy to the given distribution is to 
introduce a secondary material to bolster the proportion of material sizes between 
2.36mm and 19.0mm.  
Atterberg Limits 
 
In the assessment for potential use as an unsealed wearing course, the results were 
positive, with the fines component of this material revealing that, based on the 
calculated proportions of material sizes passing the 26.5mm, 2.36mm and 4.75mm 
sieves, the material in its current state would perform well ad an unsealed wearing 
course, as visualised in the Gravel Performance Index diagram. 
California Bearing Ratio 
 
Paige-Green requires a soaked CBR value of 15. Although this material does not 
quite match this value, it has the potential to meet this requirement if combined with 
a coarser material, either by means of crushing the oversize at the site or mixing it 
with another material 
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4.2.14 Wingett’s Pit 
 
Site Description 
Wingett‟s Pit is located 12 km West of Crow‟s Nest and is easily accessible; the site 
is small, but conveniently located and has already been selected for use on a small 
scale sealed roads project.  
Ownership: Private 
Licensing Status: Unlicensed 
Material Description 
The Gravel Pits register refers to the material as a Shale/ Blue rock with a brown 
clay fines component. A relatively fresh pit, at the time the sample was taken the 
stockpile was uncrushed, therefore the material retrieved may not bare a true 
representation of the material properties.  
Table 4.13: Wingett’s Pit Results 
PSD July 2011 
  
Atterberg Limits 2011 CBR 2011 
Liquid Limit (%) 38.2 
70 
Plastic Limit (%) 24.0 
Plasticity Index 14.2 
Linear Shrinkage (%) 6.6 
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Particle Size Distribution 
The figure shows that the PSD to satisfy the MRTS05 requirement s for a type B 
grading, however the grading curve tends towards the minimum limits for a type C 
grading. 
One potential cause for the poor distribution of particle size through this sample is 
the natural, raw, state of the won material. The oversize present in the stockpile 
would have lead to a significant distortion of the results.  
However, for the purpose of evaluating the material for its blending capabilities, the 
PSD result has been taken to be representative, in order to assess its blending 
capabilities. With this assumption noted, the remedy to the given distribution is to 
introduce a secondary material to bolster the proportion of material sizes between 
2.36mm and 19.0mm.  
Atterberg Limits 
The Atterberg limit tests results reflect a material that has some scope for use as a 
base course product; however this is limited to specifications for a type 2.5 or 3.5 
gravel option. The remedy set out for the PSD may have an additional impact in 
improving the Atterberg results. 
California Bearing Ratio 
The CBR (Figure) returned for Eyer‟s Pit, reflected a material strength that would be 
deemed suitable for use as most types of unbound pavement materials, excluding: 
2.1, 3.1 and 4.1.  
Where an unsealed wearing course specifies a minimum CBR of 15, this result more 
than satisfies these requirements 
Commentary 
Although the PSD, CBR and Atterberg tests performed on this product would 
suggest that it is a suitable material for some unbound pavement applications, the 
nature if the product as a decomposed granite material raises questions of its abilities 
under degradation. These characteristics are reflected in its response to the 10% fines 
and Flakiness Index tests, which have not been included in this document. Therefore, 
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further analysis is required to evaluate the material properties against those 
conditions. 
 
4.3 Results Commentary 
 
The material testing results obtained from each of the local gravel pits reflected a 
vast array of physical properties, with an equally vast array of potential applications. 
The information provided is intended to guide the decision making process by 
making potential road designers aware of the characteristics of the local materials 
currently employed in the Crow‟s Nest District. This is by no means a 
comprehensive analysis of the locally available sources, providing a starting block 
for the collation of documented, technical information. 
Due to some procedural difficulties, however, it must be noted that their direct 
application is limited and that further investigation must be conducted prior to 
practical use. Three major areas for concern have been identified for rectification, 
including: the sample representation; the particle size distribution test procedure and 
the omission of the 10% fines wet/ dry strength and the flakiness index of the 
materials. 
The project intention was to collect samples in accordance with Q060-2002 as 
developed by the DTMR for the representative sampling of soils, crushed rock and 
aggregates. The document states that for a nominal size of 63mm, the minimum 
sample increment mass must be 30kg. It also states that hand tools may only be used 
for sampling of materials up to a nominal size of 28mm. The material sampling for 
the purpose of this project breached both of these conditions as although the sample 
size obtained for each gravel source was between 30 and 50kg, the nominal size for a 
number of these pits was far greater than 63mm and greater than 28mm for almost 
all. Part of the reasoning for this is the processing time and the availability of 
sampling plant and equipment. Therefore the collected samples may not be fully 
representative of the stockpiled material.  
A requirement for the evaluation of the grading performance index for a material 
includes a calculation that requires that the mass of the material retained on the 
26.5mm sieve to be measured. As the grading procedure on each of the materials was 
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carried out in accordance with Q103A, which omits this sieve size, the data was 
linearly interpolated in compensation. As the particle size distribution of a material is 
not often a linear relationship, this compensatory action may distort actual results. 
Finally the 10% fines (Q205) and the Flakiness Index (Q201) tests, which reflect the 
resistance of the aggregate to crushing and the long term durability of the material, 
respectively, were omitted from the physical testing process due to time and resource 
constraints. A requirement of the MRTS05 document for unbound pavement 
materials, these characteristics must be determined before using materials deemed 
suitable for such use throughout this paper.      
 
4.4 Conclusions 
 
Despite the limitations of the results obtained, for the purpose of this report and 
future procedural uses, the results have been assumed as representative and will be 
used for the analysis of potential gravel blends. Recommendations for future 
mitigation of these problems will be included towards the end of this document. The 
following table provides a summary of the materials, their potential uses and noted 
shortcomings. 
Table 4.14: Results Summary 
Source Name 
Location 
(relative to 
Crow’s Nest) 
Material 
Description 
Standalone 
Application 
Material Problems 
Bowen’s  15km N 
Grey Clayey 
Gravel 
NA – Blending 
Material 
Rock Oversize 
Breydon’s 1 25km NW 
Basalt Rock, 
Brown Clay fines 
NA – Blending 
Material 
Low strength, Rock 
Oversize 
Breydon’s 2 25km NW 
Red Gravelly 
Clay 
NA – Blending 
Material 
Low strength 
Collin’s  30km NE Basalt Gravel 
NA – Blending 
Material 
Rock Oversize; Low fines 
Dummitt’s 17km NW 
Weathered 
Basalt 
2.3 – 2.5B; 
3.3 – 3.5B; 
Low fines 
Eyer’s 4.5km ESE 
Decomposed 
Granite, Loam 
2.4 – 2.5B; 
3.3 – 3.5B; 
Unsealed 
Wearing Course               
Ravels and Corrugates 
Gillie’s 6.5km NE 
Gravelly Granite 
Sand 
2.4 – 2.5B; 
3.3 – 3.5B; 
Unsealed 
Wearing Course               
Ravels 
Kangaroo 20km NNW Grey/ Brown NA – Blending  
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Gravelly Clay Material 
Patwald’s 16.5km SW 
Yellow/ Brown 
Sandstone 
NA - Blending 
Material 
NA 
Polzin’s 16km SW 
Weathered 
Basalt 
2.4 – 2.5B;     
3.3 – 3.5B 
No CBR, low fines 
Smoothy’s 22.5km NW  NA Disused 
Taylor’s  14km SSE 
Pink-Red/ 
Brown Clayey 
Sandstone 
Unsealed 
Wearing Course 
 
Tibben’s 20km SW 
Grey/ Brown 
Clayey Fines 
NA - Blending 
Material 
Material Segregation 
Wingett’s 12km W 
Shale/ Blue 
Rock, Brown 
Clay Fines 
2.5B; 3.5B Rock Oversize 
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5 Gravel Blending 
 
5.1 Material Selection 
 
There are several key factors in selecting the appropriate materials for gravel 
blending. The first is proximity. The cost involved in material haulage plays a 
significant part in the total cost of the project. In order to ensure to maintain an 
economic approach, the materials used must either be in close proximity to one 
another, or the job site. For the purpose of this dissertation, a 20km radius, from the 
mixing site must not be exceeded. As there is no exemplary job site, this means that 
in order for two pits to be selected as mixing partners, there should not be a distance 
of greater than 20km between them. 
The matching of materials is a trial and error process. This process requires a starting 
point, which in this case will be the PSDs of the selected materials, as this is the 
most easily visualised material characteristic. The first material chosen will be one 
that is within reasonable reach of a selected grading envelope. The second, filler 
material, will be used to adjust the PSD of the material such that it fits the specified 
envelope. 
Once the PSD has been accepted, the next step is to ensure each of the other 
properties has not been compromised. For sealed road applications, this involves 
checking that the appropriate ranges for the Atterberg Limits and CBR are met; for 
unsealed road applications, checks include: Linear shrinkage, CBR and GPI 
calculations. 
 
5.2 Potential Blends 
 
In order to determine the proximity of each of the gravel pits to one another, a 
distance chart (Table 5.1) was created to display the distance, as the crow flies, 
between each of these sites. Based on these proximity figures and the 
recommendations in Chapter 4 for the blending offsets required to produce a well 
performing gravel product, potential blending combinations could be identified.  
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Table 5.1: Distance Chart 
 
Sixteen potential blends were identified using the above conditions. Each potential 
blend has been evaluated against a B and C grading, as set out in MRTS05 and the 
Atterberg Limit and CBR requirements. The gravel blends were then evaluated 
against the recommended grading limits and grading performance chart for an 
unsealed wearing course. The results displayed in analytical section to follow will 
display the applications that each blend is most suited to.  
The justification for the use of these criteria lies in that the individual material results 
from Chapter 4 tended towards these characteristics and that they relate to some of 
the most broadly adopted specifications for gravel products. The full results for the 
potential blends can be found in Appendix E. 
 
5.3 Desktop Analysis 
 
5.3.1 Bowen’s + Breydon’s #2 
 
The first of the potential blends identified is that of Bowen‟s Pit and the second 
stockpile for Breydon‟s Pit. 18km apart, the gravel pits fall just within the 20km 
limit from one another. Section 4.2.1 for Bowen‟s Pit, recommends that the sample 
requires supplementary material between the 2.36mm and 19.0mm sieve sizes.  
Particle Size Distribution 
The fines heavy Breydon‟s Pit #2 was selected to offset these deficiencies. A ratio 
that consisted of 15% Bowen‟s + 85% Breydon‟s, resulted in a grading curve that 
fell within the unsealed wearing course PSD limits. 
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Figure 5.1: Bowen's + Breydon's #2 PSD 
 
Plastic Properties 
Therefore, the material was deemed to be suitable for unsealed road applications and 
evaluated against the strength and plasticity parameters for an unsealed wearing 
course. 
 
Figure 5.2: Bowen's + Breydon's GPI 
The Gravel Performance chart (Figure 5.2) indicates the blend should produce a 
good wearing course; however it may become dusty over time. Therefore dust 
suppression options need to be investigated for use in conjunction with this product. 
California Bearing Ratio 
The theoretical CBR value, of 5.3, obtained for this potential blend falls well short of 
the benchmark set for suitable use as an unsealed wearing course, therefore a 
recommendation cannot be made to employ this gravel blend for use on local roads. 
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5.3.2 Bowen’s + Eyer’s 
 
Bowen‟s Pit is slightly further than 16 km from the centrally located Eyer‟s Pit, a 
decomposed granite and sand material have been combined on the back of Eyer‟s 
Pit‟s Pits strong grading performance. 
Particle Size Distribution 
The materials were blended at a ratio of 30% Bowen‟s to 70% Eyer‟s and produced 
grading results to satisfy each set of PSD parameters, which meant that the resulting 
gravel product could be evaluated for both its sealed and unsealed road construction 
capabilities. 
  
 
Figure 5.3: Bowen's + Eyer's PSD 
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Plastic Properties 
Assessed against both sealed and unsealed pavement parameters, the gravel blending 
process shows a product that satisfies MRTS05 requirements for 2.3 – 2.5; 3.3 – 3.5 
and 4.3 – 4.5 subtype materials and produces a GPI that borders between  the good 
(E2)  and ravels  and corrugates (B) categories 
  
Figure 5.4: Bowen's + Eyer's GPI 
Table 5.2: Bowen's + Eyer's: Atterberg limits & CBR 
 
   
 
 
California Bearing Ratio 
The CBR value of the blended product satisfies the same CBR subtypes as the 
plastic properties and more than satisfies the strength requirements for an unsealed 
wearing course. Given these results, the product can be recommended for both 
applications, subject to further analysis of the sealed road material properties. 
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5.3.3 Bowen’s + Wingett’s 
 
Wingett‟s is another local gravel source, removed slightly further than 16 km from 
Bowen‟s Pit. Its strong particle size distribution between the 2.36mm and 19.0mm 
sieve sizes resulted in its selection for blending with the material from Bowen‟s Pit. 
Particle Size Distribution 
The most successful gravel blend resulting from the combination of these products 
was a 50/50 proportion that, due to the low fines proportion in both materials, in a 
blend product that satisfied the parameters for a B grading. 
 
Figure 5.5: Bowen's + Wingett's PSD 
Plastic Properties 
Assessed against the plastic parameters for an unbound pavement material, the blend 
satisfies the MRTS05 requirements for the subtypes of just 2.5, 3.5 and 4.5. 
Table 5.3: Bowen's + Wingett's Atterberg limits & CBR 
Liquid Limit 37.4 
Plastic Limit 23.8 
Plasticity Index 13.6 
Linear Shrinkage 5.6 
CBR 44.0 
 
Calfornia Bearing Ratio 
While the CBR value satisfies the unbound pavement requirements for subtypes 2.4, 
3.4 and 4.4; it is limited by its plastic properties to the subtypes listed in that section. 
This severely limits the application of this material to sealed road construction and it 
is doubted whether the resultant product would be a viable solution. 
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5.3.4 Breydon’s #1 + Dummitt’s 
 
Breydon‟s Pit is just 10km from Dummitt‟s Pit which displays some promising 
sealed road building characteristics but is deficient in its fines component. The use of 
Breydon‟s material as a blending product is intended to supplement the product in 
this area.  
Particle Size Distribution 
Despite the high fines component, a high retention of material on the larger sized 
sieves limited the blending potential of the Breydon‟s Pit material. A 30/70 blending 
ratio produced the most satisfactory grading results, producing a solid B grading. 
 
Figure 5.6: Breydon's #1 + Dummitt's PSD 
Plastic Properties 
The high plasticity of the fines in both material sets, however, results in predicted 
blend characteristics that do not meet the requirements of any MRTS05 material 
type. 
Table 5.4: Breydon’s #1 + Dummitt’s Atterberg limits & CBR 
Liquid Limit 44.5 
Plastic Limit 30.4 
Plasticity Index 14.1 
Linear Shrinkage 8.9 
CBR 58.7 
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Calfornia Bearing Ratio 
Therefore, despite the strong CBR performance in this gravel blend, it cannot be 
recommended for sealed road application. 
 
5.3.5 Breydon’s # 1 + Wingett’s 
 
Breydon‟s Pit is just 13km from Wingett‟s Pit which displays some promising sealed 
road building characteristics but is deficient in its fines component. The use of 
Breydon‟s material as a blending product is intended to supplement the product in 
this area.  
Particle Size Distribution 
Despite the high fines component, a high retention of material on the larger sized 
sieves limited the blending potential of the Breydon‟s Pit material. A 60/40 blending 
ratio produced the most satisfactory grading results, producing a material that fits the 
limits for a B grading. 
 
Figure 5.7: Breydon's #1 + Wingett's PSD 
Plastic Properties 
The high plasticity of the fines in both material sets, however, results in predicted 
blend characteristics that do not meet the requirements of any MRTS05 material 
type. 
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Table 5.5: Breydon's + Wingett's Atterberg limits & CBR 
Liquid Limit 43.6 
Plastic Limit 26.0 
Plasticity Index 17.6 
Linear Shrinkage 9.5 
CBR 45.6 
 
California Bearing Ratio 
Therefore, despite the strong CBR performance in this gravel blend, it cannot be 
recommended for sealed road application. 
 
5.3.6 Breydon’s #2 + Dummitt’s 
 
The second gravel stockpile at Breydon‟s Pit contains a much finer material than its 
counterpart, and the aim is the same; to increase the fines proportion in a gravel 
blend containing Dummitt‟s Pit material. 
Particle Size Distribution 
Since the Dummitt‟s Pit material already fits the requirements for a B Grading, the 
blend was evaluated against a C grading to determine if the added fines component 
had any great effect on the PSD. A 40/60 blend returned a resultant grading that fit 
these requirements. 
 
Figure 5.8: Breydon's #2 + Dummitt's PSD - 40/60 
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Interestingly, the trial and error process revealed an additional, potential gravel blend 
for unsealed road use, using a 70/30 proportioning of the two materials. 
 
Figure 5.9: Breydon's #2 + Dummitt's PSD - 70/30 
Plastic Properties 
Like its counterpart, the material is hamstrung by its plastic properties when 
evaluated against the MRTS05 requirements, only matching the limits for the 2.5, 
3.5 and 4.5 subtypes. 
Table 5.6: Breydon's #2 + Dummitt’s Atterberg limits & CBR - 40/60 
Liquid Limit 42.9 
Plastic Limit 30.3 
Plasticity Index 12.6 
Linear Shrinkage 7.4 
CBR 64.6 
 
On the other hand, when evaluated against the Gravel Performance chart, the GPI of 
the 70/30 material blend was deemed to produce an good, albeit dusty, unsealed 
wearing course. 
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Figure 5.10: Breydon's #2 + Dummitt's GPI - 70/30 
California Bearing Ratio 
Despite the strong CBR performance of this gravel blend, it cannot be recommended 
for sealed road applications, however the 70/30 blend retains a CBR of 26, which 
easily meets the minimum CBR requirements for an unsealed wearing course.  
 
5.3.7 Breydon’s #2 + Wingett’s 
 
Breydon‟s Pit is just 13km from Wingett‟s Pit, where the high fines of Breydon‟s 
need to be combined with a bulkier material to improve its particle size distribution 
and strength characteristics. 
Particle Size Distribution 
 
The resultant grading from this 85% Breydon‟s, 15% Wingett‟s blend was evaluated 
against and satisfies the parameters for an unsealed wearing course. 
 
Figure 5.10: Breydon's #2 + Wingett's PSD 
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Plastic Properties 
 
The plastic properties of the theoretical gravel blend, as with the Dummitt‟s Pit blend 
in the previous section, is estimated to produce an unsealed wearing course of good, 
but dusty, composition. 
 
Figure 5.11: Breydon's #2 + Wingett's GPI 
California Bearing Ratio 
Assessed against the CBR value of 15 for an unsealed wearing course, the CBR of 
65 estimated for this blended product shows its considerable material strength. 
 
5.3.8 Collin’s + Kangaroo 
 
Kangaroo Pit is 8.5km from Collin‟s Pit and produces a material consisting of a high 
proportion of fines. The intention is to blend it with Collin‟s pit to improve the 
proportion of fines in this very bony material. 
Particle Size Distribution 
The most successful blend ratio reached, of 45/55, produced a satisfactory grading 
for an unsealed wearing course and us such, further evaluation was carried out in 
determination of these properties. 
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Figure 5.12: Collin's + Kangaroo PSD 
Plastic Properties 
The plastic properties of thos theoretical gravle blend provided a positive result, by 
indicating that the expected gravel performance for the product was good, making it 
an ideal candidate for unsealed road applications. 
 
Figure 5.13: Collin's + Kangaroo GPI  
California Bearing Ratio 
 An insufficient propotion of  fines in the material sourced from Collin‟s Pit, it was 
impossible to determine a valid CBR value which is carried over by removing the 
ability to estimate an expected CBR value based on the proportion of materials 
present. 
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5.3.9 Eyer’s + Polzin’s  
 
The centrally located Eyer;s Pit is 17km from Polzin‟s and contains a finer material 
which when blended with the bony weathered basalt form Polzins Pit is intended to 
supplement its fines deficiencies. 
Particle Size Distribution 
 
The grading produced from a 70/30 blend of Eyer‟s and Polzin‟s materials, 
respectively, produced an estimated grading curve that satisfies the requirements for 
the MRTS05 B and C gradings. 
 
Figure 5.14 Eyer’s and Polzin’s PSD 
Plastic Properties 
The PSD results meant that the plastic properties were evaluated against those fines 
component properties found in MRTS05. This evaluation found that blended product 
will satisfy the requirements for subtypes 2.3 – 2.5 and 3.2 – 3.5. 
Table 5.7: Eyer's + Polzin's Atterberg limits 
Liquid Limit 27.7 
Plastic Limit 18.1 
Plasticity Index 9.6 
Linear Shrinkage 3.7 
 
California Bearing Ratio 
As Polzin‟s Pit was only evaluated as a part of the preliminary testing process, there 
is no individual CBR value for this pit and as such a combined CBR cannot be 
calculated. 
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5.3.10 Eyer’s + Taylor’s 
 
10.5km apart, the two largest pits within the Crow‟s Nest District have a successful 
history of gravel blending, the finer Taylor‟s Pit material combing well with the 
coarser Eyer‟s Pit material. 
Particle Size Distribution 
The 50/50 blend of these to gravel materials produces an expected gravel blend that 
performs well against an unsealed wearing course grading limit. 
 
Figure 5.15: Eyer's + Taylor's PSD 
Plastic Properties 
The plastic properties of this gravel blend are expected to satisfy the requirements 
for good gravel performance. 
 
Figure 5.16: Eyer's + Taylor's GPI 
California Bearing Ratio 
The CBR value of 52 for this gravel blend outperforms the minimum requiremnts for 
the strength of an unsealed wearing course material by a considerable margin. 
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5.3.11 Eyer’s + Wingett’s 
 
Eyer‟s Pit is 16.5km from Wingett‟s Pit, and is intended to supplement the body of 
the Wingett‟s Pit material, which lacks material between the 0.425mm and 9.5mm 
sieve sizes. 
Particle Size Distribution 
As the Wingett‟s Pit grading satisfies a B grading individually, the 75/25 blended 
material is evaluated against a C grading to determine changes to the PSD and is 
found to fall within the required limits, albeit tending towards the lower end. 
 
Figure 5.17: Eyer's + Wingett's PSD 
Plastic Properties 
The plastic properties, evaluated against those specified in MRTS05, complies with 
the requirements for the subtypes of: 2.4 – 2.5 and 3.3 – 3.5. 
Table 5.8: Eyer's + Wingett's Atterberg limits & CBR 
Liquid Limit 32.6 
Plastic Limit 21.5 
Plasticity Index 11.2 
Linear Shrinkage 5.0 
CBR 62.5 
 
California Bearing Ratio 
The CBR value estimated for this gravel blend satisfies the MRTS05 requirements 
for unbound pavement material subtypes; 2.2 – 2.5, 3.2 – 3.5 and 4.2 – 4.5. 
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5.3.12 Gillie’s + Kangaroo 
 
Gillie‟s Pit is 14.5km from Kangaroo and while it contains a material suited to sealed 
road applications, the requirements of the remote surrounds demand that it be 
evaluated for a role in unsealed road construction, by bolstering the bearing capacity 
of more cohesive materials, such as those found in Kangaroo Pit. 
Particle Size Distribution 
An 80/20 blend proportion results in a grading curve that performs well against the 
parameters for the particle size distribution of an unsealed wearing course. 
 
Figure 5.18: Gillie's + Kangaroo PSD 
Plastic Properties 
The Gravel performance Chart estimates that this gravel blend, whose plastic 
properties, in conjunction with its PSD will produce „Good‟ gravel. 
 
Figure 5.19: Gillie's + Kangaroo GPI 
California Bearing Ratio 
The CBR value of 72, largely attributed to the material from Gillie‟s Pit, easily 
satisfies the minimum required bearing ratio to produce an unsealed wearing course. 
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5.3.13 Gillie’s + Taylor’s 
 
Gillie‟s Pit and Taylor‟s Pit are separated by a distance of 18km, where the greater 
proportion of fines present in the Taylor‟s Pit material have been combined with the 
coarser Gillie‟s Pit material. 
Particle Size Distribution 
The 80/20 blending ratio of Gillie‟s to Taylor‟s Pit material produces a grading curve 
that not only falls within a type C grading envelope, but those recommended for an 
unsealed wearing course as well. 
 
Figure 5.20: Gillie's + Taylor's PSD 
Plastic Properties 
Due to the performance of the blended product against the grading parameters, it 
must be evaluated against those fines compnents properties required of both an 
unbound pavement and an unsealed wearing course material. 
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Figure 5.21: Gillie's + Taylor's GPI 
The Gravel Performance Chart places the gravel blend in the category expected to 
produce a „Good‟ unsealed wearing course.  
Table 5.9: Gillie's + Taylor's Atterberg limits & CBR 
Liquid Limit 33.0 
Plastic Limit 21.5 
Plasticity Index 11.5 
Linear Shrinkage 5.9 
CBR 81.0 
 
Meanwhile, when evaluated against the sealed road requirements, the blend is 
deemed capable of producing a gravel product of subtypes; 2.4 – 2.5 and 3.3 -3.5. 
California Bearing Ratio 
The expected CBR for the Gillie‟s/ Taylor‟s blended product satisfies the criteria for 
all gravel types specified in MRTS05. 
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5.3.14 Patzwald’s + Polzin’s 
 
Patzwald‟s and Polzin‟s Pit are both located near Geham and lie just 5km apart. This 
combination is another with a history of gravel blending and was the subject of 
preliminary testing for this paper. The finer material of Patwald‟s Pit, perfectly 
supplements the bony, weathered basalt sourced from Polzin‟s Pit. 
Particle Size Distribution 
The 25/75 blending ratio produces the most satisfactory grading result, satisfying the 
requirements of a C grading envelope. 
 
Figure 5.22: Patzwald's + Polzin's PSD 
Plastic Properties 
The plastic properties are indicative a gravel blend capable of satisfying the 
MRTS05 requirements for the unbound pavement material subtypes of; 2.3 – 2.5 and 
3.2 – 3.5. 
Table 5.10: Patzwald's + Polzin's Atterberg limits & CBR 
Liquid Limit 21.4 
Plastic Limit 13.8 
Plasticity Index 7.6 
Linear Shrinkage 3.2 
CBR 100 
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California Bearing Ratio 
The CBR value for this product also performs strongly, satisfying the MRTS05 
strength requirements for all gravel types. It is limited in its application, however, by 
the PSD and plasticity results. 
5.3.15 Patzwald’s + Tibbens 
 
Just 3km from Tibben‟s Pit, the finer Patzwald‟s material is employed to provide a 
greater fines component to the particle sizes contained in Tibben‟s Pit. 
Particle Size Distribution 
A blend ratio of 25/75 of Patzwald‟s to Tibben‟s material produces a good PSD that 
falls within the envelope of a C grading. 
 
Figure 5.23 Patzwald’s + Tibben’s PSD 
Plastic Properties 
The plastic properties resulting from this gravel blend, perform well enough against 
those unbound pavement material specifications, satisfying the requirements for 
subtypes; 2.4 – 2.5 and 3.3 -3.5 
Table 5.11: Patzwald's + Tibben's Atterberg limits 
Liquid Limit 28.1 
Plastic Limit 19.9 
Plasticity Index 8.2 
Linear 
Shrinkage 
6.3 
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California Bearing Ratio 
As Patzwald‟s Pit was only evaluated as a part of the preliminary testing process, 
there is no individual CBR value for this pit and as such a combined CBR cannot be 
calculated. 
 
5.3.16 Polzin’s + Taylor’s 
 
18km apart, the role of the material sourced from Taylor‟s pit is to supplement fines 
component of the bony Polzin‟s Pit material. 
Particle Size Distribution 
A 75/25 material blend leads to more satisfactory compliance with the grading 
envelopes for B and C grading. 
 
Figure 5.24: Polzin’s + Taylor’s PSD 
Plastic Properties 
The plastic properties for this blend achieve the requirements necessary for the 
production of unbound pavement material subtypes; 2.4 – 2.5 and 3.3 – 3.5.    
California Bearing Ratio 
As Polzin‟s Pit was only evaluated as a part of the preliminary testing process, there 
is no individual CBR value for this pit and as such a combined CBR cannot be 
calculated. 
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5.4 Results Analysis 
 
Section 4.3 explained how procedural difficulties affected some the individual gravel 
pit results. These difficulties have a knock on effect on the evaluation of potential 
gravel blends, in that any anomalies that result from those tests will carry over to the 
resultant blend considerations.  
The proximity estimation is an exemplary method to highlight the need for this type 
of analysis. As the scope for material testing did not contain a comprehensive 
investigation of the gravel sources, the use of the distance chart is limited. In 
addition, where material has the option for being blended on site, the given 
proximities are negated and may be recalculated on a site specific basis. This may 
enhance or hinder the blending process, depending on whether the site is located at 
an intermediate location or either side of the potential blending materials. 
It must also be noted that the results provided are theoretical estimations based on 
proportioned results, obtained from the individual gravel pits. Time constraints 
prevented physical testing to be performed on these potential gravel blends, therefore 
these results may only be used to guide further investigations into the potential use 
of the materials to be physically evaluated before application. 
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5.5 Conclusions 
 
For the purpose of this investigation, the results have been deemed to be accurate 
and have been evaluated against their suitable, field applications. The following table 
summarises the characteristics of the potential blend and its applications. 
Recommendations to remedy the shortcoming of results will be discussed in detail at 
a later stage. 
Table 5.12 Potential applications of potential blends 
 
 
 
 
 
 
 
Source A (%) Source B (%) Proximity (km) Application 
Bowen’s (15) Breydon’s (85) 18 Unsealed Wearing Course 
Bowen’s (30) Eyer’s (70) 16.5 
2.3 – 2.5B/C; 
3.3 – 3.5B/C; 
Unsealed Wearing Course  
Bowen’s (50) Wingett’s (50) 16 2.5B; 3.5B 
Breydon’s 1 (30) Dummitt’s (70) 10 NA 
Breydon’s 1 (60) Wingett’s (40) 13 NA 
Breydon’s 2 (40)  Dummitt’s (60) 10 2.5B; 3.5C 
Breydon’s 2 (70)  Dummitt’s (30) 10 Unsealed Wearing Course 
Breydon’s (85) Wingett’s (15) 13 Unsealed Wearing Course 
Collin’s (45) Kangaroo (55) 9 Unsealed Wearing Course 
Eyer’s (70) Polzin’s (30) 17 
2.3 – 2.5B/C; 
3.2 – 3.5B/C 
Eyer’s (50) Taylor’s (50) 10.5 Unsealed wearing Course 
Eyer’s (75) Wingett’s (25) 16.5 
2.3 – 2.5C; 
3.3 – 3.5C 
Gillie’s (80) Kangaroo (20) 14.5 Unsealed wearing Course 
Gillie’s (80) Taylor’s (20) 18 
2.3 – 2.5C; 
3.3 – 3.5C; 
Unsealed Wearing Course 
Patzwald’s (25) Polzin’s (75) 5 
2.3 – 2.5C; 
3.2 – 3.5C 
Patzwald’s (25) Tibben’s (75)  
2.3 – 2.5B; 
3.3 – 3.5B 
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6 Feasibility Considerations 
 
One of the objectives of this paper was to conduct a feasibility study into the use of 
local gravel materials, based on both monetary and non-monetary factors. 
Unfortunately, an organisational restructure that took longer than expected to be 
resolved, meant that detailed financial information was unobtainable within the 
available timeframe. In lieu of this information, this paper puts forward key aspects 
that have been indentified for future investigation. 
 
6.1 Financial Considerations 
 
Cost is one of the underlying principles that affect the feasibility of any solution 
proposal, however it considers more than just the direct financial liability of a 
project. Although time and labour effort can be broken down into budgetary 
numbers, their zone of influence is far greater.  
The materials investigated in the previous chapters were evaluated against the 
criteria for two construction purposes; sealed and unsealed roads. The suitability of 
each material tended towards one of these categories. This has an influence on cost 
in that, for those gravel products with the potential for use in sealed road 
construction, a comparison must be made between the costs of producing the 
material locally, versus the cost of importing a commercially available gravel 
product. 
Therefore, the cost considerations have been divided into three categories, relating to 
the costs and benefits of importing commercial material, producing a local gravel 
product and the transport costs that will have a major impact on the decision making 
process. 
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6.1.1 Commercial Material 
 
One of the reasons for investigating the suitability of locally available materials for 
the purpose of road construction was based on the lack of commercially available 
alternatives within a close proximity, with the nearest source some 40km from the 
town of Crow‟s Nest, though it may be within reach of some of the more southern 
parts of the district. 
On the other hand, the material can be manufactured to the desired specification and 
delivered to site without any need for further processing, ready for placement. 
Therefore, the only factors that need to be considered are the material and haulage 
costs and the lead times required to produce the required gravel product. 
However, availability and access can be an issue, as evidenced in the January 2011 
floods, where vehicular access to certain areas was impossible and the demand for 
commercial gravel for reparation works meant that supply was limited, with 
materials prioritised to roads of greater regional significance.  
Therefore, the suitability of alternative materials is essential, not only on the basis of 
potential cost savings, but the potential during periods of peak demand. A cost 
estimate, at the time of writing, determined by a project engineer, prior to his 
departure, put the cost of imported material at $12-13 per tonne. 
 
6.1.2 Production Costs 
 
The cost of producing a material utilising in house recourses requires a great deal 
more forethought and planning as there are more factors to consider. So despite an 
estimate for the cost of a locally produced material at $6 per tonne, half the price of a 
commercial material, several more factors need to be taken into account, particularly 
for the materials recommended for gravel blending. 
Crushing and mixing plant 
There are several options available to the designer and project engineer for the 
production of a blended road base, based on the quality of the material required for 
the performance of the given task. The recommended quality controls for the 
unsealed wearing course are more lenient, in terms of strength, plasticity and PSD, 
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whereas the specifications for the application of material to sealed road construction, 
particularly those controlled by the state government, are far more stringent, 
demanding a more refined manufacturing process.  
The most economical method is to transport the material to the site in the state it was 
extracted from the gravel pit, placed on site and the larger particles pulverised using 
a vibratory tamping or grid roller to produce a more workable particle size 
distribution. This method is more suited to unsealed road applications where the 
structural integrity oversize material is lower, allowing it to be more easily broken 
down. 
A rock buster is a mobile hammermill, towed behind a tractor. Capable of handling 
oversize material to a nominal size of 500mm, the rock buster is effective in 
breaking this down to a nominal size of 40mm. This option is useful when recycling 
old pavements and can be used to process more structurally sound raw materials to a 
more manageable grading size. However, again this process is more suited to 
unsealed road applications, where the quantity of permissible oversize (greater than 
37.5mm) is more lenient. Though more, expensive than grid rolling, it is more 
economical than employing mobile crushing and screening plant and material mixing 
can be performed using typical excavating and pavement placing  plant, such as 
backhoes and graders.  
The last available option is that of the aforementioned mobile crushing plant, which 
can be hired or purchased to be used at the source of the local material for the 
purpose of crushing the material and screening it to the desired nominal size. This 
method is more suited to those materials required for sealed road applications as it 
allows for more the more stringent quality assurance parameters to be adhered to. A 
mobile pugmill may also be employed to aid the blending and watering of the 
material to the required ratios and optimum moisture content. Note that the 
preliminary costing figure ignores the costs involved in the consumption of water for 
the production process. 
Labour costs 
The cost of labour contributes to a high proportion of the budgetary constraints for a 
project. The in-house production of a gravel product demands not only the labour 
required to process the gravel materials into a suitable finished product, it means that 
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the labour force apportioned cannot be employed on other ongoing projects for that 
duration. 
The advantage of performing the gravel blending operations in-house is to upgrade 
or maintain the skills of the workforce as applied to this field of engineering practice, 
consolidating the local knowledge base. An asset that is invaluable to the future of 
the engineering arm of the TRC. 
Therefore an analysis into the most appropriate apportioning of the labour force must 
be carried out to determine the most cost effective method of reaching engineering 
targets, in view of the viability of the organisation as an engineering entity. The 
current method involves the use of commercial facilities for the production of sealed 
road materials, using local plant and labour effort for the production of unsealed road 
materials. 
Time 
In order to produce a suitable blended road base, in-house, a system needs to be in 
place to estimate the gravel requirements for the foreseeable future. Where in the 
utilisation of commercial products, the allowance for lead times is under a week, as 
the material can be processed almost on demand, the lead time for local material 
production is dependent upon; the selection, availability and hire of processing plant 
and equipment; the organisation of the labour required; and the actual production of 
the gravel product. Therefore, a greater focus is required for the planning of road 
construction projects using suitable, local gravel products. 
 
6.1.3 Transport Costs 
 
The cost of transport was one of the fundamental motivators behind this motivator. It 
considers the economical, environmental and efficiency factors related to an 
engineering project. 
The rising price of fuel and the perceived detrimental effects of carbon emissions 
have resulted in a culture change amongst a large portion of the younger 
demographic and those with an affiliation to “greener” practices. Regardless of 
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individual opinion, this trend is that reflected by the vocal populous affecting the 
decision making process. 
The use of locally available gravel materials promotes a solution to the issue that 
assists in driving the local economy, reducing transport costs and pandering of 
environmental trends. If sufficient planning and forethought have been applied to the 
task at hand, then the supply of a suitable gravel product should become more 
efficient, given the closer proximities of source to site.    
 
6.2 Administrative Considerations 
 
In mid-2011, the engineer responsible for gravel management, Gavan Shiewe, 
produced a draft document entitled, “Management Framework for Gravel 
Production Planning,” which outlined a method recommended for advanced 
planning for the use of locally available gravel materials. 
The purpose of the document is to provide a coordinated approach to gravel pit 
management, rather than that currently employed, which is limited to stand-alone 
assessments, as the material is required. The document suggests five steps to 
successful production planning: 
   
i. Total gravel requirements 
 
This step requires the identification of the individual projects planned over a 
reasonable time period, estimating the quantity of gravel material needed. If 
insufficient information is available regarding individual jobs, bulk 
requirements should be estimated. 
Project categorisation organises the identified projects into categories based on 
the road type and funding pathways. The nomination of material type 
requirements for each job is evaluated, based on the material supplication. 
Once the material type requirements for each project have been determined, a 
list of the likely gravel sources relevant to individual jobs may be collated. 
ii. Gravel source demand 
 
The second step works to evaluate the gravel demand from each of the local 
sources, based on the quality of the source material and the most economical 
solution for each job or job type. This includes the potential for the 
standardisation of gravel types or production methods for a given application. 
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In addition, this step requires that an estimation of the amount of material 
available for extraction from each pit, to determine whether the available 
supply may satisfy the demand and whether the current licensing status is 
adequate.  
 
iii. Finalise total gravel requirements from each supplier 
 
iv. Address licensing and/ or regulatory deficiencies and ERA compliance 
required, allowing sufficient time for required changes and the evaluation of 
alternatives if approvals cannot be secured. 
 
v. Arrange purchase or production of material 
The document continues to address gravel blending, suggesting that it is kept to a 
minimum where possible, citing productivity maximisation. Consideration has been 
given to this objective in the preceding chapters by evaluating the usage of 
individual gravel pits for standalone applications. However, it is noted that this 
option is not always viable, based on quality assurance considerations, hence the 
need to investigate the potential of local materials for gravel blending. 
Finally the document suggests the consideration of all weather access requirements 
to local sources, such that work may continue in wet weather, to avoid stoppages of 
operations during wet weather periods.   
 
6.3 Conclusion 
 
In order to ensure the feasible application of both the standalone and blended gravel 
products, determined in the preceding chapters, to the road construction process, 
detailed analysis of both the cost and administrative considerations must be taken 
into account, weighing the costs and benefits of the available solutions such that the 
option most beneficial to the organisation is selected. 
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7 Conclusions 
 
The Toowoomba Regional Council allocates a relatively small portion of its annual 
budget to the construction and maintenance of local roads. Therefore a need arose for 
the investigation of suitable alternatives, in the search for a more economical 
solution, both in the short and the long term. In order to compromise between short 
and long term costs, the road must be feasible to build in the short term, but be 
designed such that it doesn‟t require regular reparatory and maintenance works over 
its design life.  
Since amalgamation, in 2008, there has been no in depth investigation into the 
current practices employed for road building, both from an economic and quality 
assurance point of view. As amalgamation has taken hold, there has been a greater 
focus on the quality of the materials used for construction purposes. This lead to the 
need for a review of the current work practices and the quality assurance processes in 
place. 
The unbound pavement materials used for the construction of the state controlled, 
predominantly sealed, road network were found to be well accounted for in their 
evaluation against the state government specifications for the quality of road 
building materials. However, for local government roads, there was a distinct lack of 
quality assurance data, as it was found that there was a heavy reliance upon the local 
knowledge of the current labour force to evaluate and select locally available 
materials for the construction of these roads.   
In order to ensure that technical information is available to future TRC staff, an 
investigation into the road building capabilities of the naturally occurring, local 
gravel materials was conducted. The materials were evaluated against the state 
government specifications for sealed road applications and the recommended 
properties of unsealed road materials. This analysis was carried out to determine the 
construction potential or shortcomings of the available products as standalone 
material, evaluated against industry recognised standards. Using the results of this 
analysis, a list of potential blends was developed, based on the parameters of particle 
size distribution and proximity, which were evaluated against those specifications 
used for the analysis of the individual gravel pit materials.  
100 
 
As a result of these analyses, several potential gravel products were identified for 
both applications, summarised in chapters 4 and 5. Unfortunately, several limitations 
have been established regarding the effectiveness, based on the both the time 
available and procedural shortcomings in the evaluation of each material. However, 
the results remain to provide the conceptual knowledge of the process and some 
insight into the materials that are available. The problems that were identified have 
been noted and will serve to mitigate recurrence of these problems in future 
investigations. 
 The coordination of personnel resources and the constraints of time conspired to 
prevent a comprehensive feasibility from taking place. However, the framework 
provided in chapter 6 explains the parameters within which a satisfactory feasibility 
should take place, based on economic, social and environmental factors, which 
combine to create the cornerstone for sustainable engineering practices. Once this 
study has been carried out, in tandem with the necessary procedural additions and 
amendments, the path towards a satisfactory solution will be more easily identifiable.  
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8 Recommendations 
 
A summary of the recommendations proposed by this report has been categorised 
into three sets, concerning: 
1.  Future local gravel pit investigations   
For future gravel pit investigations to be successful, three problem areas have 
been identified for remediation. The first is the condition of the stockpiles. At 
the time of testing, several of the gravel pit stockpiles sampled had been 
disused and exposed to the elements for an indefinite period of time, which 
resulted in the stockpile segregation and hardening. It is recommended that 
stockpiles either be covered during disuse or reconditioned prior to sampling. 
The sampling method requires a maximum nominal size of 28mm for manual 
sampling. Therefore, if the material has not been crushed on site, the sampler 
must ensure that the necessary plant and equipment is available to assist with 
the sampling process or that the material is sampled after on site crushing has 
taken place, though it must be noted that the latter makes preliminary 
investigations difficult. 
The test method used for the analysis of particle size distribution omitted a 
sieve size, integral to the evaluation process. It is recommended that this 
sieve (26.5mm) is included in future evaluative procedures. In addition, it 
must be ensured that the specified oversized index is adhered too.   
2. Identification of topics that require further investigation 
 The conduct of a comprehensive feasibility study, based on the 
framework set out in chapter 6 
 The categorisation of the current uses of locally available materials 
(i.e. what is used and where). Hanson (2010) began an investigation 
of the road materials used at various locations. This may be evaluated 
against laboratory representations of the field performance. 
 The scope of materials tested may be increased to include the 
remaining pits within the Crow‟s Nest district and region wide. 
 Investigate the material suitability for multilayered, unsealed roads 
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3. Recommendations for changes to current practices 
Until the evaluation of road building materials has been finalised, it is 
recommended that, during the interim, that the current practices be 
maintained for the production of sealed road projects, ensuring that 
evaluation is carried out in accordance with MRTS05. However, it is 
recommended that, for the production, of unsealed roads, that the materials to 
be used are first evaluated against those parameters set out by Paige-Green 
(1998) and Austroads (2009). If an individual pit does not meet these 
guidelines, it is proposed that a gravel blend be developed to compensate for 
the shortcomings of the individual gravel material. 
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Appendix A – Project Specification
University of Southern Queensland
Faculty of Engineering and Surveying
Project Specification
For: Matthew YIN
Topic: Suitability of Natural Gravels for the Production of Blended Road Bases in Toowoomba
Regional Council Area.
Supervisor: Professor Ron Ayers – University of Southern Queensland
Jack Pijpers – Toowoomba Regional Council
Sponsorship: Toowoomba Regional Council (TRC)
Project Aim: This project aims to investigate the feasibility of using locally available gravel materials
from the Toowoomba region for the production of blended road bases to meet required standards.
Programme: Issue A, 2 March 2011
1. Review background information regarding natural gravels and road bases. The literature
review should access information from both Australian and international sources. It should
specifically include:
a. Current specifications and testing requirements for road base gravels used for both sealed
and unsealed roads;
b. Materials commonly used for blended road bases;
c. Methods of gravel blending and associated construction difficulties;
d. Quality controls and costs for blended road base production.
2. Compile data on gravels used for road base by TRC, including sources, availability and
properties.
3. Compare the road base specifications used by TRC with those used by other road authorities.
4. In conjunction with TRC select a number of materials (possibly about 5 or 6) to investigate for
possible blending. Evaluate these materials (unblended) in relation to appropriate
standards/specifications, and determine what deficiencies exist in these materials.
5. Investigate, by theoretical blending methods and laboratory testing, the options for producing
from these materials blended road bases which meet standard road base specifications. Note
should be taken of the problems associated with producing these blended mixes.
6. Conduct a cost-benefit analysis on the viability of producing the designed blended gravels and
compare with other options.
7. Provide the required written and oral presentation of information, results, conclusions and
recommendations.
As time permits:
1. Produce distribution models to achieve the most efficient and effective use of these blended
road bases within each TRC district.
AGREED:
Student: ________________ / /2011 Supervisor: _______________ / /2011
(Matthew Yin) (Ron Ayers)
Appendix B – Queensland Local Government Map
(Source: Hanson,2010 (www.dip.qld.gov.au))
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Appendix D – Material Testing Results
D1 – Bowen’s Pit
D2 – Breydon’s Pit
D3 – Collin’s Pit
D4 – Dummett’s Pit
D5 – Eyer’s Pit
D6 – Gillie’s Pit
D7 – Kangaroo Pit
D8 – Patzwald’s Pit
D9 – Polzin’s Pit
D10 – Taylor’s Pit
D11 – Tibben’s Pit
D12 – Wingett’s Pit
 D1 – Bowen’s Pit PSD + Atterberg Results 
 
 
 
 D1 – Bowen’s Pit CBR 
 
 D2 – Breydon’s Pit #1 PSD + Atterberg Results 
 
 D2 – Breydon’s Pit #1 CBR 
 
 
 
 D2 – Breydon’s Pit #2 PSD and Atterberg Results 
 
 
 
 D2 – Breydon’s Pit #2 CBR 
 
 
 
 D3 – Collin’s Pit PSD and Atterberg Results 
 
 
 
 D4 – Dummitt’s Pit PSD and Atterberg Results 
 
 
 
 D4 – Dummitt’s Pit CBR 
 
 
 
 D5 – Eyer’s Pit PSD and Atterberg Results 
 
 
 
 D5 – Eyer’s Pit CBR 
 
 
 
 D6 – Gillie’s Pit PSD and Atterberg results 
 
 
 
 D6 – Gillie’s Pit CBR 
 
 
 
 D7 – Kangaroo Pit PSD and Atterberg results 
 
 
 
 D7 – Kangaroo Pit CBR 
 
 
 
 D8 – Patzwald’s Pit PSD and Atterberg results 
 
 
 
 D9 – Polzin’s Pit PSD and Atterberg results 
 
 
 
 D10 – Taylor’s Pit PSD and Atterberg results 
 
 
 
 D10 – Taylor’s Pit CBR 
 
 
 
 D11 – Tibben’s Pit PSD and Atterberg Results 
 
 
 
 D11 – Tibben’s Pit CBR 
 
 
 
 D12 – Wingett’s Pit PSD and Atterberg Results 
 
 
 
 D12 – Wingett’s Pit CBR 
 
 
 
Appendix E – Potential Gravel Blends
E1 – Bowen’s + Breydon’s Stockpile 2
E2 – Bowen’s + Eyer’s
E3 – Bowen’s +Wingett’s
E4 – Breydon’s Stockpile 1 + Dummitt’s
E5 – Breydon’s Stockpile 1 + Wingett’s
E6 – Breydon’s Stockpile 2 + Dummitt’s
E7 – Breydon’s Stockpile 2 + Wingett’s
E8 – Collin’s + Kangaroo
E9 – Eyer’s + Polzin’s
E10 – Eyer’s + Taylor’s
E11 – Eyer’s + Wingett’s
E12 – Gillie’s + Kangaroo
E13 – Gillie’s + Taylors
E14 - Patwald’s + Polzin’s
E15 – Patzwald’s Tibben’s
E16 – Polzin’s + Taylor’s
Bowens + Breydons2
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Bowens 15 18 23 32 39 51 68 81 100 100 100
Breydons2 85 29 38 52 60 69 84 89 96 100 100
Combined 27.4 35.8 49.0 56.9 66.3 81.6 87.7 96.6 100.0 100.0
Plastic Properties
LL PL PI LS
36.5 23.5 13 4.6
48.9 27.6 21.4 9.6
47.0 27.0 20.1 8.9
Grading Coefficient 21.99
Shrinkage Product 316.39
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Indicator 
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B 
 
Ravels and Corrugates 
D 
 
Slippery 
Bowens + Eyers
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Bowens 30 18 23 32 39 51 68 81 100 100 100
Eyers 70 13 22 38 52 71 88 91 96 100 100
Combined 14.5 22.3 36.2 48.1 65.0 82.0 88.2 97.2 100.0 100.0
Plastic Properties
LL PL PI LS
36.5 23.5 13 4.6
30.7 20.6 10.2 4.4
32.4 21.5 11.0 4.5
Grading Coefficient 24.99
Shrinkage Product 99.46
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Gravel 
Performance 
Indicator 
A C 
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E1 
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Ravels and Corrugates 
D 
 
Slippery 
Bowens + Wingetts
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Bowens 50 18 23 32 39 51 68 81 100 100 100
Wingetts 50 6 11 21 28 40 61 69 81 100 100
Combined 12.0 17.0 26.5 33.5 45.5 64.5 75.0 90.5 100.0 100.0
Plastic Properties
LL PL PI LS
36.5 23.5 13 4.6
38.2 24 14.2 6.6
37.4 23.8 13.6 5.6
Grading Coefficient 16.26
Shrinkage Product 95.20
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels 
E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Breydons1 + Dummitts
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Breydons1 30 23 28 37 43 50 62 71 84 100 100
Dummitts 70 5.2 9.6 23 36 57 91 95 100 100 100
Combined 10.5 15.1 27.2 38.1 54.9 82.3 87.5 95.2 100.0 100.0
Plastic Properties
LL PL PI LS
51.6 29.1 22.6 13.8
41.4 31 10.4 6.8
44.5 30.4 14.1 8.9
Grading Coefficient 22.99
Shrinkage Product 134.57
CBR
9
80
58.7
0.075 0.425 2.36 4.75 9.5 19 37.5 53 75 
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels 
E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Breydons1 + Wingetts
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Breydons1 40 23 28 37 43 50 62 71 84 100 100
Wingetts 60 6 11 21 28 40 61 69 81 100 100
Combined 12.8 17.8 27.4 34.0 44.0 61.4 69.8 82.2 100.0 100.0
Plastic Properties
LL PL PI LS
51.6 29.1 22.6 13.8
38.2 24 14.2 6.6
43.6 26.0 17.6 9.5
Grading Coefficient 14.43
Shrinkage Product 168.74
CBR
9
70
45.6
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Breydons2 + Dummitts
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Breydons2 20 29 38 52 60 69 84 89 96 100 100
Dummits 80 5.2 9.6 23 36 57 91 95 100 100 100
Combined 10.0 15.3 28.8 40.8 59.4 89.6 93.5 99.2 100.0 100.0
Plastic Properties
LL PL PI LS
48.9 27.6 21.4 9.6
41.4 31 10.4 6.8
42.9 30.3 12.6 7.4
Grading Coefficient 26.39
Shrinkage Product 112.46
CBR
3
80
64.6
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Breydons2 + Dummitts
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Breydons2 70 29 38 52 60 69 84 89 96 100 100
Dummits 30 5.2 9.6 23 36 57 91 95 100 100 100
Combined 21.9 29.5 43.3 52.8 65.4 86.1 90.6 97.2 100.0 100.0
Plastic Properties
LL PL PI LS
48.9 27.6 21.4 9.6
41.4 31 10.4 6.8
46.7 28.6 18.1 8.8
Grading Coefficient 24.97
Shrinkage Product 258.24
CBR
3
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26.1
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Breydons2 + Wingetts
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Breydons2 85 29 38 52 60 69 84 89 96 100 100
Wingetts 15 6 11 21 28 40 61 69 81 100 100
Combined 25.6 34.0 47.4 55.2 64.7 80.6 85.9 93.8 100.0 100.0
Plastic Properties
LL PL PI LS
48.9 27.6 21.4 9.6
38.2 24 14.2 6.6
47.3 27.1 20.3 9.2
Grading Coefficient 21.28
Shrinkage Product 310.64
CBR
3
70
13.1
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Collins + Kangaroo
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Collins 45 5.5 8 18 29 52 78 85 95 100 100
Kangaroo 55 46 51 64 72 80 89 93 100 100 100
Combined 27.8 31.7 43.3 52.7 67.4 84.1 89.6 97.8 100.0 100.0
Plastic Properties
LL PL PI LS
29.5 18.8 10.8 5
55.8 31.7 24.2 9.2
44.0 25.9 18.2 7.3
Grading Coefficient 24.38
Shrinkage Product 231.36
CBR
NA
2.5
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Eyers + Polzins
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Eyers 70 13 22 38 52 71 88 91 96 100 100
Polzins 30 8.5 13 26 37 60 92 95 100 100 100
Combined 11.7 19.3 34.4 47.5 67.7 89.2 92.4 97.2 100.0 100.0
Plastic Properties
LL PL PI LS
30.7 20.6 10.2 4.4
20.6 12.4 8.2 2.2
27.7 18.1 9.6 3.7
Grading Coefficient 27.57
Shrinkage Product 72.18
CBR
60
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#VALUE!
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels 
E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Eyers + Taylors
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Eyers 50 13 22 38 52 71 88 91 96 100 100
Taylors 50 28 43 62 68 75 83 86 91 100 100
Combined 20.5 32.5 50.0 60.0 73.0 85.5 88.7 93.5 100.0 100.0
Plastic Properties
LL PL PI LS
30.7 20.6 10.2 4.4
34.8 22.1 12.8 4.6
32.8 21.4 11.5 4.5
Grading Coefficient 23.25
Shrinkage Product 146.25
CBR
60
45
52.5
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels 
E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Eyers +Wingetts
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Eyers 60 13 22 38 52 71 88 91 96 100 100
Wingetts 40 6 11 21 28 40 61 69 81 100 100
Combined 10.2 17.6 31.2 42.4 58.6 77.2 82.4 90.0 100.0 100.0
Plastic Properties
LL PL PI LS
30.7 20.6 10.2 4.4
38.2 24 14.2 6.6
33.7 22.0 11.8 5.3
Grading Coefficient 21.70
Shrinkage Product 92.93
CBR
60
70
64.0
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels 
E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Gillies + Kangaroo
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Gillies 80 10 18 39 57 85 98 99 100 100 100
Kangaroo 20 46 51 64 72 80 89 93 100 100 100
Combined 17.2 24.6 44.0 60.0 84.0 96.2 97.7 100.0 100.0 100.0
Plastic Properties
LL PL PI LS
32.5 21.4 11.2 6.2
55.8 31.7 24.2 9.2
37.2 23.5 13.8 6.8
Grading Coefficient 32.24
Shrinkage Product 167.28
CBR
90
2.5
72.5
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels 
E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Gillies + Taylors
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Gillies 80 10 18 39 57 85 98 99 100 100 100
Taylors 20 28 43 62 68 75 83 86 91 100 100
Combined 13.6 23.0 43.6 59.2 83.0 95.0 96.3 98.2 100.0 100.0
Plastic Properties
LL PL PI LS
32.5 21.4 11.2 6.2
34.8 22.1 12.8 4.6
33.0 21.5 11.5 5.9
Grading Coefficient 31.20
Shrinkage Product 135.24
CBR
90
45
81.0
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels 
E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Patzwald + Polzin
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Patzwald 25 25 72 95 97 100 100 100 100 100 100
Polzin 75 8.5 13 26 37 60 92 95 100 100 100
Combined 12.6 27.8 43.3 52.0 70.0 94.0 96.4 100.0 100.0 100.0
Plastic Properties
LL PL PI LS
21.4 13.8 7.6 3.2
Grading Coefficient 27.65
Shrinkage Product 88.80
CBR
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Grading Coefficient 
Gravel Performance 
Indicator 
A C 
 
Ravels 
E2 
 
Good 
E1 
 
Good (Dusty) 
B 
 
Ravels and Corrugates 
D 
 
Slippery 
Polzin + Tibbens
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Polzin 75 8.5 13 26 37 60 92 95 100 100 100
Tibbens 25 25 31 41 48 58 70 76 85 100 100
Combined 12.6 17.5 29.8 39.8 59.5 86.5 90.5 96.3 100.0 100.0
Plastic Properties
LL PL PI LS
40.9 25.5 15.4 6.6
Grading Coefficient 24.13
Shrinkage Product 0.00
CBR
NA
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Indicator 
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B 
 
Ravels and Corrugates 
D 
 
Slippery 
Polzin + Taylors
PSD
Sieve (mm)
Proportion(%) 0.075 0.425 2.36 4.75 9.5 19 26.5 37.5 53 75
Polzin 75 8.5 13 26 37 60 92 95 100 100 100
Taylors 25 28 43 62 68 75 83 86 91 100 100
Combined 13.4 20.5 35.0 44.8 63.8 89.8 93.0 97.8 100.0 100.0
Plastic Properties
LL PL PI LS
34.8 22.1 12.8 4.6
Grading Coefficient 25.95
Shrinkage Product 0.00
CBR
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